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Statement  of  the  various  Schemes  proposed,  and  laid  before 
the  General  Board  of  Health,  for  the  improvement  of  the 
Supply  of  Water  to  the  Metropolis. 

To  the  General  Board  of  Health. 

My  Lords  and  Gentlemen^ 

In  accordance  with  your  instructions  that  I  should  examine  |Mr.  Austin^ 
the  various  schemes  that  have  been  brought  to  your  notice  for  the  — 
improvement  of  the  supply  of  water  to  the  MetropoUs,  and  lay 
before  you  a  general  description  of  the  whole,  I  have  the  honour 
to  present  the  following  statement. 

They  are  twenty-five  in  number.  Eleven  of  these  consist  of 
plans  for  bringing  the  supplies  directly  from  various  parts  of  the 
river  Thames  between  Twickenham  and  Mapledurham;  seven  of 
the  propositions  are  for  supplies  from  various  tributaries  of  the 
Thames ;  three  are  for  suppHes  from  springs,  and  four  from  shafts, 
or  so  called  "  artesian  wells,"  sunk  into  the  chalk  of  the  London 
Basin.  Ten  of  these  schemes  are  or  have  been  represented  by 
Companies,  or  have  emanated  from  engineers  officially  engao-ed, 
and  the  majority  of  these  have  been  from  time  to  time  before^ the 
public  in  printed  descriptions  and  prospectuses. 

It  would  exceed  my  instructions  to  enter  here  upon  any  enume- 
ration or  historical  record  of  the  many  plans  which  have  been 
brought  forward  in  former  times,  or  to  advert  to  the  proceedinas 
which  took  place  before  the  Committee  of  Inquiry  in  1828  •  but 
before  entering  upon  a  description  of  the  plans  immediately  before 
the  Board,  I  would  beg  to  notice  those  which  were  prepared  bv  the 
eminent  engineer,  Mr.  Telford,  in  1834,  and  which  were  the  result 
ot  that  inquiry;  not  because  these  plans  are  now  again  brought 
orward  or  represented,  but  because  considerable  attention  has  frmn 
tune  to  time  been  directed  to  them,  and  because  the  inquirv  into 
r.\v  improving  the  supply  of  water  to  the  metropolis,  may 

wLS;  it  :-as\hL'left.'  '^'^  ""'^  "       ^^"^  1^°^^^^- 

Mr.  Telford's  investigations  were  undertaken  in  consequence  of 
fc'^T"""^  by  him  from  the  Lords  Commissionero?  Her 
be  Sit  J'''^r''^' '°  •■"P^^-'^,:' "'hat  manner  the  metropolis  can 
S  r  ^"^P^^'-V^'^^^'-'    complaints  having  then  been  urged 

lue  xiipoitot  the  Commissioners  of 

B  2 
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Mr.  Austin.  Water  Inquiry  (see  Eeport  27th  April,  1828,  p.  11),  in  conse- 
queuce  of  the  impurities  with  which  it  is  contaminated  ;  I  therefore 
perambulated  the  district  on  each  side  of  the  valley  of  the 
Thames,  and  examined  the  streams  which  fall  into  that  river  in 
the  vicinity  of  London."  The  result  of  this  investigation  was  the 
plan  to  bring  water  from  the  river  Verulam  for  the  supply  of  the 
districts  on  the  north  side  of  the  river  Thames,  and  from  the  river 
Wandle  for  the  supply  of  the  districts  on  the  south  side. 

A  reservoir  was  to  be  constructed  at  the  Verulam,  near  Watford, 
whence  a  covered  double  aqueduct  was  to  convey  the  water  to  a 
service  reservoir  on  Primrose-hill,  a  distance  of  upwards  of  15 
miles,  from  which  the  distribution  was  to  be  made  by  the  existing 
Companies,  the  Grand  Junction,  West  Middlesex,  and  Chelsea. 
The  estimate  of  cost  of  the  works  was  785,965/.  \  \s.  6c?. 

From  the  Wandle  at  Beddington,  near  Croydon,  a  covered 
aqueduct  of  similar  character  was  to  convey  the  water  to  a  reser- 
voir on  Clapham  common,  a  distance  of  upwards  of  six  miles, 
whence  it  was  to  be  distributed  by  the  Lambeth,  South  London^ 
and  Southwark  Companies.  The  estimate  of  cost  of  the  works 
was  391,875/.  4^.  \\d.  .  .  ■     ■  ■ 

From  information  obtained  by  the  Commissioners  ot  inquiry  in 
1828,  it  appeared  that  the  average  daily  supply  of  water  afforded 
1)V  the  Grand  Junction,  West  Middlesex,  and  Chelsea  Companies 
on  the  north  side  of  the  river,  was  6,8 10,000  gallons,  or  nearly  13 
cubic  feet  per  second ;  but  in  order  to  provide  for  the  maximum 
demand  in  1833,  and  for  future  increase,  Mr.  Telford  proposed 
that  30  cubic  feet  per  second  should  be  obtained  from  the 

Th^aVerage  daily  supply  afforded  by  the  Lambeth  South 
London,  and  Southwark  Companies  on  the  south  side  of  the  river 
was  2,964,000  gallons,  or  5^  cubic  feet  per  second,  and  Mr.  1  el- 
ford  proposed  to  receive  from  the  river  Wandle  13  cubic  feet  per 

''The*  total  quantity  of  water  therefore  proposed  to  be  supplied  to 
the  me  ropolTs  at  that  time  was  23,220,000  gallons  per  diem, 
Jo  afford  which  the  total  estimate  of  cost  ot  the  works  was 

'^\n^f840  Mr^Rotrt  Stephenson  made  a  report  to  the  London 
and  Westm  nster  Water  Works  Company-at  that  time  es  ablished 
for  s^ppW  the  metropolis  with  water  from  springs  in  the  chalk 
tar^A/^ford-^^  which  after  alluding  to  the  unsatisfactory  mode 
neai  vvduoru    1  supplied  with  water,  he  states,—"  It  is 

Tndle^       Siat  ti;;  ^exception  of  the  proposal  to  obtair» 

a  vei^few  degrees  better  than  that  already  in  use;    and  fuither 


Desci'iption  of  j^roposed  Schemes  for  Water  Suj)phj.  5 


on  he  repeats, — "that  it  is  scarcely  to  be  wondered  at  that  the  Mr.Austinr, 
Legislature  should  have  delayed  acting  on  Mr.  Telford's  plan, 
which  combined  these  objections  with  a  very  large  outlay,  nor  that 
a  Company  should  still  have  found  grounds  for  proposing  artesian 
wells  in  preference  to  his  suggestions." 

With  regard,  however,  to  the  artesian  schemes  referred  to,  and 
which  are  again  brought  before  the  public,  Mr.  Stephenson  pro- 
ceeds to  give  very  conclusive  reasons  for  insufficiency  of  supply 
from  such  a  source. 

No  estimate  of  cost  of  the  proposed  plan  of  water  supply  from 
the  chalk  at  Watford  is  given  in  Mr.  Stephenson's  report,  it  being 
mainly  directed  to  show  that  the  necessary  supply  for  London 
-could  be  obtained  and  conveyed  from  that  source. 

The  plan  thus  proposed  was  in  part  revived  during  last  year  by 
the  London  (Watford)  Spring  Water  Company,  and  a  Bill  intro- 
duced in  the  present  session  of  Parliament  for  carrying  it  out.  The 
plan  of  obtaining  the  supply  appears  to  be  virtually  the  same  as 
that  of  Mr.  Stephenson,  but  it  is  said  to  be  in  part  revived,"  be- 
cause instead  of  the  present  scheme  being  intended  for  a  complete 
metropolitan  supply,  it  is  only  proposed  now  to  bring  in  8,000,000 
gallons  per  day  for  the  supply  of  the  northern  districts.  It  is  pro- 
posed to  raise  the  water  from  wells  in  the  Bushey  meadows,  and 
conduct  it  through  cast-iron  pipes  into  reservoirs  on  Stan  more 
Heath,  whence  it  is  to  be  led  to  another  reservoir  at  Child's  Hill, 
near  Hampstead,  and  from  this  the  water  would  be  conveyed  to 
Oxford-street,  or  in  any  other  convenient  direction  to  London  and 
Westminster.  It  is  intended  also  to  supply  some  suburban  dis- 
tricts on  the  way. 

The  estimate  of  cost  is  350,000L 

Two  other  schemes  before  Parliament  during  the  present  session 
were  for  obtaining  new  supplies  directly  from  the  Thames,  one 
from  near  Henley,  the  other  from  near  Mapledurham.  For  the 
first,  notices  were  given  by  a  Company  in  the  previous  session,  but 
the  Bill  was  lost  on  the  second  reading  in  the  Commons.  It  was 
renewed  in  the  present  session  with  the  proposition  of  its  beino- 
managed  by  a  metropolitan  Commission.  It  is  proposed  that  an 
open  canal  40  feet  wide  and  10  feet  deep,  should  convey  the  water 
Irom  the  Thames  near  Medmenham  Abbey  to  West  Drayton 
thence  a  smaller  open  canal  would  extend  to  the  river  Brent  from' 
which  point  two  brick  culverts  of  10  feet  diameter  would  convey 
the  water  to  a  reservoir  at  Hampstead,  from  which  it  is  proposed 
to  raise  it  by  steam-power  to  another  reservoir  250  feet  above  hiah 
water.   The  total  distance  is  33^  miles.  ^ 

From  the  Thames  to  West  Drayton  200  million  gallons  are  pro- 
posed to  be  conveyed  daily,  whence  100  million  gallons  are  to 

purpre'  f  ^'-^"^  Junction'canal,  for  th^ 

pu  pose  of  flushing  the  sewers,  and  100  millions  to  be  conveyed  by 
the  proposed  canal  and  culverts  to  Hampstead  for  the^  daily 
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Mr.  Austin,  supply  to  the  inhabitant?.     The  estimated  cost  of  the  works  is 
—  2,000,000/. 

In  the  prospectus  or  exposition  of  the  measures  proposed  to  be 
taken  by  the  promoters  of  the  Mapledurham  scheme,  of  which 
Messrs.  Gordon  and  Liddell  are  the  engineers„it  is  stated  that — 
"  There  is  no  source  of  water  within  the  Thames  basin  from 
which  a  supply  sufficient  for  the  wants  of  the  metropolis  can  be 
obtained  excepting  the  river  Thames  itself,"   and   that  "  the 
Thames  at  Mapledurham  lock  has  been  proved  to  be  purer  than 
at  any  other  point  below  its  source."    It  is  therefore  proposed  to 
bring  50  milhon  gallons  daily  supply  from  the  Thames  at  this 
point,  and  to  convey  it  by  an  open  canal  for  a  distance  of  4^  mdes 
into  four  reservoirs  at  Caversham.    The  promoters  state  further 
that  "  the  water  of  every  spring  in  the  Thames  basin,  and  of  ev<'ry 
river  flowing  through  it,  is  hard.    Hard  water  is  unfit  for  most 
domestic  purposes."    And  therefore  the  proposed  supply  is  to  be 
submitted  to  Dr.  Clark's  process,  and  then  raised  by  steam  power 
and  conveyed  to  London  through  three  iron  pipes  5  feet  diameter, 
following  the  line  of  the  Great  Western  Railway. 

In  addition  to  the  .50  miUion  gallons  thus  to  be  daily  supplied, 
it  is  proposed  that  the  supply  of  12  to  13  million  gallons  afforded 
by  the  New  River  should  be  still  available  for  sanitary  purposes. 
The  cost  of  executing  this  scheme  is  estimated  at  1,200,000/. 
Mr.  Quick,  the  engineer  of  the  Vauxhall  and  Lambeth  Company, 
and  consulting  engineer  of  the  Grand  Junction  Company,  has  pro- 
posed to  brin|  a  complete  supply  of  water  for  the  metropolis  from 
the  Thames  at  Eel-pie  Island,  Twickenham,  considering  that  there 
would  be  no  advantage  corresponding  to  the  increased  outlay  to  be 
obtained  by  taking  it  from  any  point  higher  up  the  river. 

The  arrangements  proposed  by  him  would  deliver  tfie  water 
filtered  to  the  distributing  pipes  of  the  present  Companies,  but 
would  dispense  with  all  the  existing  pumping  estabhshments. 
The  cost  of  the  works  for  the  daily  distribution  of  oO  million 
■     <rallons  from  this  point,  Mr.  Quick  estimates  at  300,000/. 

In  1846  the  promoters  of  the  proposed  "Aqueduct  Company, 
broucrht  forward  a  scheme  for  the  supply  of  water  to  the  metro- 
polis from  the  River  Thames,  near  Amerton  Bar.k,  about  a  mile 
Ld  a  half  south-east  of  Maidenhead,  at  which  point,  accorchng 
to  Mr.  Hawksley's  report,  it  may  "  be  received  and  filtered  m 
immense  volume ;  that  it  may  thence  be  conveyed  by  a  properly 
constructed  tunnel  to  a  point  immediately  below  Hampstead-h,h  ; 
that  it  may  then  be  raised  by  the  action  of  powerful  s  eam-engmes 
nto  elnul^d  reservoirs,  and'afterwards  be  distributed  through  the 
metropolis  and  its  suburbs,  by  communications  to  be  made,  for  the 
most  part  with  the  works  of  the  existing  Companies 

Ml  Hawksley  estimated  that  within  twenty  years  the  popu  a  ion 
of  The  metropolis  would  amount  to  three  million  persons,  and  that 
the  fV.tui-e  daily  consumption  of  the  whole  metropolis  may  be 
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assumed  at  75  million  gallons  ;  that  the  quantity  which  would  Mr.  Austin, 
still  probably  "  be  supplied  from  the  existing  works  and  machinery 
of  such  of  the  Companies  as  derive  their  supply  from  sources,  the 
character  of  which  is  neither  now  nor  hereafter  likely  to  become 
unfit  or  objectionable,"  could  not  be  taken  at  more  than  25  million 
gallons,  and  "  cohsequently  that  a  demand  upon  the  works  of  the 
intended  Company,  of  not  less  than  50  million  gallons  per  day, 
may  be  expected  within  the  term  for  which  provision  is  now  pro- 
posed to  be  made." 

In  this  scheme  it  was  proposed  to  establish  on  the  banks  of  the 
Thames  near  Bray,  ten  subsiding  tanks  of  five  acres  each^  and  fen 
filter  beds  of  two  acres  each.  The  tunnel  or  aqueduct  to  convey 
the  water  to  Hampstead  was  to  be  of  brick,  12^  feet  in  diameter, 
and  here  were  to  be  ultimately  established  12  engines  of  250 
horse  power  each,  for  raising  the  water  into  elevated  reservoirs. 

The  total  estimate  of  these  works  was  746,7907. 

Mr.  P.  W.  Barlow,  the  engineer  to  the  South  Eastern  Railway 
Company,  proposes  to  obtain  the  supply  of  water  for  the  metro- 
polis by  the  interception  of  the  springs  which  issue  from  the  chalk, 
and  discharge  into  the  River  Thames  along  the  North  Kent  dis- 
trict between  Greenwich  and  Strood.  Professor  Ansted,  in  a 
report  to  the  Directors  of  the  Railway  Company,  states,  "that 
there  exists,  at  a  moderate  depth,  a  supply  which  is  practically  in- 
exhaustible." In  a  further  report  he  adds,  "  that  the  whole  of  the 
chalk  between  Erith  and  Gravesend  is  saturated  with  water,  oon- 
siderably  above  the  level  of  low-water  level,  and  that  a  very  large 
supply,  equivalent  to  several  millions  of  gallons  per  day  from 
these  localities  only  might  readily  be  intersected  by  a  tunnel  or 
number  of  bores,  and  is  fully  available  without  interference  with 
existing  interests." 

Samples  of  this  water  taken  from  Charlton^  Abbey  Wood, 
Northfleet,  and  Strood,  were  submitted  to  Professor  Brande  for 
examination.  The  detailed  analyses  of  these  four  samples  (together 
with  that  of  a  sample  from  a  well  at  the  Bricklayers'  Arras  Sta- 
tion, which  is  a  very  different  character  of  water,  assimilating  to 
that  of  the  deep  wells  of  London,)  are  given  in  a  report  by  Professor 
Brande  addressed  to  Mr.  Barlow,  from  which  it  appears  that  their 
degrees  of  hardness  range  from  22*5  to  26-3.  Mr.  Barlow  pro- 
poses to  intercept  this  water  by  constructing  a  heading,  or  small 
tunnel,  along  the  course  of  and  underneath  the  line  of  the  North 
Kent  Railway,  with  borings  every  half  mile,  affording  a  supply  of 
100  million  gallons  per  day. 

The  cost  of  the  works  for  bringing  the  water  to  the  railway 
terminus  at  Bricklayers'  Arms,  he  estimates  at  150,000Z. 

Mr.  Rendel,  the  engineer,  although  he  has  proposed  no  specific 
plan  for  irtiproved  supplies  of  water  to  the  Metropolis,  expresses 
some  opinions  on  the  subject  in  a  report  recently  issued  on  the 
proposed  improvements  of  the  river  Lea  navigation,  •which  it  ap- 
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pears  desirable  to  include  in  this  description.  In  alluding  to  the 
quantity  of  water  delivered  at  Feilde's  weir  on  tliat  river,  Mr. 
Rendel  states : — 

"  It  does  not  come  within  the  scope  of  this  report,  limited  as  it 
is  to  the  description  and  objects  of  the  works  shown  on  the  plans 
now  before  Parliament,  for  the  improvement,  &c?.  of  the  naviga- 
tion, to  devise  a  plan  lor  making  this  water  available  to  the  supply 
of  London,  or  to  discuss  the  mode  of  dealing  with  the  several  in- 
terests involved  ;  but  it  is  clear,  that  when  the  question  of  making 
such  supply  is  fully  gone  into,  as  it  assuredly  will  be  ere  long, 
advantages  such  as  the  Lea  possesses  cannot  be  neglected ;  par- 
ticularly when  it  is  remembered,  that  not  only  is  the  available 
quantity  of  water  very  large,  and  its  quality  excellent,  but  that  the 
means  by  which  it  can  be  supplied  are  already  in  existence;  I 
mean  the  New  River,  which  is  not  more  than  100  yards  distant 
from  Rye  House,  up  to  which  Feilde's  weir  pond  extends.  But 
it  will  be  said,  that  the  New  River  is  not  a  suitable  channel  for  its 
conveyance  to  London,  in  a  manner  that  will  satisfy  the  consumer. 
It  is  no  part  of  my  duty  to  say  how  the  course  of  the  New  River 
may  be  improved,  to  obviate  such  objections.    I  may,  however, 
call  your  attention  to  the  fact,  that  all  the  objections  which  apply 
to  the  New  River  in  this  respect,  apply  to  any  other  open  conduit, 
whilst  the  expense  of  removing  them  by  suitable  alterations,  would 
not  probably  amount  to  the  cost  of  purchasing  the  land  of  any  new 

conduit.  T  -1,1 

"  The  river  Lea  being  in  ray  judgment  the  most  ehgible  source 
from  which  to  get  the/ necessary  additional  supply  ot  water  for 
London,  it  appears  to  me  that  you,  the  only  public  body  having  a 
Parliamentary  interest  in  the  river,  as  trustees  for  the  maintenance 
of  its  navigation,  should  take  the  initiative  step,  by  acquiring, 
before  any  abstraction  of  the  water  is  allowed,  such  powers  as 
would  enable  you  to  place  the  public  interest  which  you  represent, 
in  a  safe  condition,  and  also  remove,  as  far  as  practicable,  the 
consequences  to  the  mill-owners.    As  the  promoters  of  a  measure 
of  this  kind,  you,  in  your  capacity  as  trustees,  with  no  persona  or 
pecuniary  interest  in  the  question,  are  in  a  condition  to  protect 
the  private  interests  with  which  your  public  trust  is  associated ; 
not  certainly  to  the  extent  of  depriving  the  metropohs  of  wa  ei 
which  may  be  parted  with,  after  other  interests  are  P^'otectjd^^ 
by  obtaining  powers  from  Parliament  that  shall  secure  the  naN  i- 
gation  beyond  all  doubt,  and  at  the  same  time  FO^^'^^^^^^^^^^^^f 
guaranteeing  the  mill  interest  on  the  river  from  loss^  of  the  ^^atel 
Ssefully  available,  without  adequate  conjF^f  ^lon. 

Capiain  Vetch,  in  his  evidence,  has  laid  before  the  Board  a  coni 
prehensive  scheme  for  the  supply  of  water  to  '^^'"^^'^^ ^''Z 
Various  sources.    In  alluding  to  the  ratio  of  increase  of  he  popu 
ation  of  the  metropolis,  he  states,-"  I  consKler 
important  measure  to  secure  all  the  best  supplies  of  Nvatci  that 
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can  be  obtained  near  London,  before  they  be  appropriated  to  Mr^Austin. 
other  objects  of  minor  importance."  The  supplies  referred  to 
appear  to  be  the  river  Verulara,  the  Cohie,  the  Gade,  and  the 
Chess,  and  the  river  Lea  and  other  streams  of  that  neighbour- 
hood on  the  north  side  of  the  Thames,  and  those  of  the  river 
Darenth,  and  the  Mole,  on  the  south  side  of  the  Thames,  These 
waters  Captain  Vetch  proposes  to  conduct  to  elevated  reservoirs  in 
the  neighbourhood  of  the  metropolis,  chiefly  by  means  of  tunnels 
or  adits  in  a  direct  course,  affording  a  supply  of  100  million  gallons 
daily.  No  estimates  of  the  proposed  works  are  given.  The  pro- 
posed lines  of  aqueduct  are  marked  on  the  accompanying  map, 
and  as  Captain  Vetch's  views  are  set  forth  at  length  in  his  evidence, 
it  will  be  unnecessary  to  enter  more  fully  here  into  a  description 
of  the  schemes  presented  by  him.  In  referring,  however,  to  the 
means  of  conducting  the  supplies  from  their  sources,  it  may  be 
useful  to  allude  to  the  objections  set  forth  in  his  evidence,  to  open 
tortuous  channels,  such  as  that  of  the  New^ River  Company. 
"Within  the  present  century,"  Captain  Vetch  remarks,  "great 
ingenuity  and  great  expense  have  been  applied  by  the  New  River 
Company,  to  correct  the  evils  of  the  rude  and  vicious  mode  of 
conduit  first  adopted,  and  little  more  improvement  can  be  effected 
in  that  direction,  indeed  such  praiseworthy  zeal  would  be  better 
applied  to  change  the  system  entirely  ;  but  probably  the  very  great 
misapplication  of  funds  and  talents  to  perfect  in  detail  what  was 
defective  in  principle,  may  have  served  to  protract  the  existing 
works  in  their  primitive  form  to  the  exclusion  of  others  more  ' 
capable  of  meeting  the  demands  of  the  day." 

In  referring  to  the  river  Verulam,  Captain  Vetch  observes  : — 
*'  It  seems  the  more  necessary  to  secure  this  source  of  supply  for 
the  public  benefit,  as  its  good  qualities  are  too  well  known  to  allow 
it  to  remain  long  un fingered  by  some  commercial  Water  Com- 
pany." And,  alluding  to  the  Watford  scheme  already  described, 
he  adds : — "  Indeed  there  is  a  Bill  before  Parliament  this  year, 
which  proposes  to  appropriate  the  same,  and  to  drive  it  up  by 
steam-power  to  high  reservoirs  at  Stanmore,  Elmstree,  Harrow, 
and  Hampstead,  for  the  supply  of  the  outskirts  and  country  vil- 
lages; whereas  it  may  flow  by  gravitation  high  enough  for  the 
wants  of  the  great  metropolis." 

In  referring  to  the  Henley  scheme  now  before  Parliament 
and  already  described  here.  Captain  Vetch  observes  : — "  If  for  the 
sake  of  argument,  it  be  admitted  that  the  object  of  the  promoters 
of  this  scheme  is  exclusively  that  of  supplying  London  with  water 
for  domestic  purposes,  then  all  the  objections  I  have  stated  to  the 
conduit  of  the  New  River  will  equally  apply  to  the  open  channel 
proposed  for  this  scheme."  In  allusion  to  the  Mapledurham  as 
well  as  the  Henley  scheme,  upon  the  question,  "  If  the  water 
were  permitted  to  be  taken  from  the  Thames  above  the  influence 
of  the  tides,  where  do  you  conceive  it  would  be  most  convenient  to 
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take  it  from?"  Captain  Vetch  observes : — "  As  near  above  Ted- 
dington  Weir  as  local  circumstances  would  permit,"  and  gives  his 
reasons  for  preferring  that  it  should  be  abstracted  from  a  point 
near  Twickenham,  and  conveyed  as  proposed  by  Mr.  Phillip 
Taylor  in  1824,  rather  than  from  any  higher  point  up  the  river. 

Mr.  J.  P.  Thompson's  scheme,  for  which  a  Company  has  been 
formed,  under  the  title  of  "  the  Wandle  Water  Company,"  is, 
according  to  their  prospectus,  intended  "  to  furnish  the  inhabitants 
of  the  metropolis  south  of  the  Thames,  and  those  of  Brixton, 
Clapham,  Dulwlch,  Norwood,  Sydenham,  Wandsworth,  Putney, 
and  other  adjacent  places,  with  a  cheap,  abiuulant,  and  constant 
supply  of  pure  and  wholesome  water,"  obtained  from  the  river 
Wandle.  It  includes  a  plan  for  the  drainage  of  the  whole  of  the 
towns  and  villages  along  its  course  from  Croydon  to  the  Thames 
at  Wandsworth,  so  as  to  intercept  the  whole  of  the  refuse  which 
now  discharges  into  the  Wandle,  and  apply  it  to  the  enrichment  of 
the  land.  ^ 

It  is  proposed  "  to  take  the  water,  in  its  unpolluted  state,  at 
Wandsworth,  after  it  has  done  its  work  for  the  mills,  and  raise  it 
to  reservoirs  on  Wimbledon  Common."  With  respect  to  quantity, 
it  is  stated  that  "  the  river  Wandle,  as  proved  by  the  most  careful 
and  scientific  gauging,  yields  a  minimum  supply  of  upwards  of 
27  million  gallons,  and  a  maximum  of  upwards  of  44  million  gal- 
lons per  diem." 

The  estimate  of  the  cost  of  works  is  250,000/. 

A  prospectus  and  report  has  been  laid  before  the  General  Board 
of  a  Company  which  has  been  registered,  having  the  title  of 
"The  London  and  Medway  Double  Service  Fresh  and  Salt 
Waterworks  Company,  for  obtaining  a  constant  supply  of  pure 
water  from  the  river  Medway,  and  its  tributaries,  the  rainfall  of  the 
Tunbridge  and  Holmsdale  valleys,  the  river  Darenth  and  the  River 
Cray,  all  of  them  situate  in  the  county  of  Kent.  And  for  esta- 
bUshing  a  permanent  salt-water  sanitary  service  for  the  metropolis, 
by  supplies  of  sea-water  drawn  from  the  estuary  of  the  Medway." 

The  prospectus  states  that  "  the  district  to  be  supplied  contams 
on  a  rough  estimate,  100,000  houses,  of  which  60,000  are  either 
partially  or  wholly  unsupphed  with  water,"  and  "  in  addition  to  its 
own  independent  labours,  the  Company  will  seek  to  supply  tlie 
Lambeth,  Southwark,  and  South  London  Water  Companies,  with 
pure  soft  water,  in  lieu  of  the  hard  unwholesome  water  waich  tl>ey 
are  at  present  compelled  to  distribute."  Further  on  it  is  stated 
''that  the  London  and  Medway  Company  will  enjoy  a  command 
of  water  sufficient  for  all  the  uses  of  a  city  twice  the  size  ot  the 
existing  metropolis."  . 

It  is  proposed  to  collect  the  waters,  at  suitable  poi^^s,  m  va. . 
reservoirs,  and  to  carry  them  by  the  line  of  the  North  Kent 
Railway,  in  ibnr  large  main  pijies,  to  Kidbrook,  near  Blackheath, 
whence  it  would  be  distributed  by  gravitation. 
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The  principal  objects  of  the  "  salt-water  service  "  are  stated  to  be 
<' 1st,  The  dailv  cleansing  and  purification  of  the  streets;  2nd, 
Flushing  the  sewers  and  purification  of  the  Thames  ;  3rd,  Supply 
of  public  and  private  baths;  4th,  Extinction  of  accidental  fire." 

No  estimate  of  cost  of  any  of  the  works  is  given,  but  the  pro- 
posed capital  of  the  Company  is  400,000/. 

The  scheme  for  supplj-ing  the  whole  metropolis  with  water  frotn 
''Artesian"  wells  sunk  into  the  chalk  of  the  London  Basin,  appears 
to  have  been  advocated,  for  some  time,  by  the  promoters  of  a 
society,  under  the  title  of  "The  Metropolitan  Water  Supply 
Association  ;  for  establishing  the  whole  water  supply  of  London, 
and  its  suburban  districts  on  a  self-supporting  principle,  through 
the  medium  of  one  public  institution,  directly  responsible  to  the 
inhabitants ;  and  for  insuring  an  abundant  continuous  supply  of 
pure  soft  water  to  all  classes  throughout  the  metropolis." 

No  plans  of  the  arrangements  proposed  for  carrying  out  this 
scheme  liave  been  brought  before  the  General  Board,  nor  any  state- 
ment of  the  quantities  proposed,  nor  estimates  of  the  cost  of  the 
works. 

Having  now  briefly  described  the  main  features  of  the  whole  of 
the  schemes  for  an  improved  supply  of  water,  which  have  been 
more  prominently  brought  forward,  and  have  been  for  the  most 
part  represented  by  Companies,  I  shall  proceed  to  notice  in  the 
same  manner  those  suffgestions  which  have  been  laid  before  the 
Board  for  the  same  object  by  their  individual  authors. 

Mr.  James  Dean,  of  Tottenham,  purposes  to  obtain  the  supply  of 
water  from  the  river  Thames,  between  Kingston  and  Richmond, 
conveyed  into  reservoirs  on  the  banks  of  the  river,  in  the  bottom  of 
which  reservoirs,  should  additional  supplies  be  required,  he  pro- 
poses to  sink  shafts  into  the  chalk,  from  which  he  entertains  no 
doubt  that  any  amount  of  water  may  be  obtained.  No  estimates 
are  given  of  the  proposed  plan. 

Captain  Hood,  R.N.,  has  laid  before  the  Board  a  voluminous 
paper  on  the  subject  of  the  supply  of  water  to  the  metropolis,  and 
an  extensive  plan  of  the  valley  of  the  Thames,  evidently  the 
result  of  the  devotion  of  very  considerable  time  and  personal 
labour  to  the  subject.  The  main  feature,  however,  of  Captain 
Hood's  propositions  is,  that  it  would  be  perfectly  useless  to  go 
such  a  distance  up  the  river  Thames  for  the  supply  of  water, 
as  proposed  either  by  the  Henley  or  the  Maplediirhani  scheme, 
when  it  could  be  equally  well  obtained  from  near  Maidenhead. 

Dr,  Dowler  lays  a  proposition  before  the  Board  for  obtaining 
the  supplies  from  the  river  Thames,  just  above  Teddington  locks. 

Mr.  Hardino^e  proposes  the  Thames  at  Staines. 

Mr.  H.  H.  Fulton  purposes  also  to  obtain  the  supplies  from  the 
River  Thames  at  Staines,  diverting  from  the  river  the  sewage 
of  the  towns  now  discharging  into  it  above  that  point.  "This 
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.  plan,"  he  states,  "as  compared  with  the  Henley  project,  would 
shorten  the  length  of  the  principal  conduit  by  18  miles,  and 
occasion  a  saving  more  than  equivalent  to  the  expense  of  diverting 
the  sewage  from  the  whole  of  the  river  above  Staines,"  It  is 
proposed  that  the  water  should  be  brought  in  a  close  conduit,  ia 
the  direction  of  the  western  road,  to  the  north-west  of  London, 
where  it  should  be  raised  to  the  heights  required  for  distribution. 
No  estimates  are  given  of  the  proposed  works. 
Mr.  B.  Denton  proposes  "to  unite,  by  an  open  or  covered 
channel,  the  surplus  water  of  the  Thames,  i.  e.,  as  much  as 
may  be  required  and  attainable,  after  a  due  provision  for  naviga- 
tion, with  the  water  of  the  Colne,  a  little  above  Colnbrook,  and 
by  the  course  of  that  branch  of  the  Colne,  called  the  Queen's 
river,  convey  it  to  Feltliam^  at  a  point  where  the  latter  crosses  the 
'Windsor,  Staines,  and  South- Western  Railway,' at  the  summit 
of  that  line.  The  point  from  which  it  is  proposed  to  take  the 
water  from  the  Thames  is  a  little  above  Boulter's  Lock."  It  is 
proposed  to  construct  reservoirs  adjacent  to  the  railway,  and  carry 
the  water  "  by  pipes  laid  within  the  property  of  the  South- Western 
Railway  Company,  to  such  points  as  it  would  be  most  convenient 
for  diverting  into  courses  of  supply,  or  for  raising  to  a  higher  level 
for  high  service,"  It  is  stated  that  50  million  gallons  should 
be  supplied  daily  from  these  sources,  leaving  other  50  railliona  to 
be  supplied  by  the  New  River  and  East  London  Companies  to 
their  respective  districts.  No  estimates  of  the  cost  of  proposed 
works  are  given. 

Mr.  James  Green  proposes  to  obtain  a  supply  of  pure  water 
from  the  Thames,  without  going  so  high  up  as  to  be  beyond  the 
tidal  influence,  by  converting  a  part  of  the  course  of  the  river  into 
a  canal,  and  thus  cutting  off  the  impurities  which  at  present  con- 
taminate the  water. 

Mr.  WiUiam  Baker  proposes  to  conduct  the  waters  of  the  river 
Chess,  in  Hertfordshire,  to  London,  taking  the  supply  at  about 
a  mile  below  the  town  of  Chesham,  He  estimates  that  25  million 
gallons  per  day  may  be  obtained,  which  he  believes  to  be  double 
the  quantity  suppHed  by  all  the  present  Companies.  The  cost  of 
the  works  is  calculated  at  from  250,000/.  to  300,000/. 

Mr.  T.  H.  Liberty  proposes  to  make  the  Basingstoke  canal 
available  for  the  supply  of  water  to  the  metropolis,  receiving,  in 
addition,  certain  springs  at  Friniley,  which  now  flow  under  the 
canal  for  the  use  of  mills.  It  is  estimated  t  hat  the  canal  holds  76 
million  gallons,  which,  with  the  addition  of  the  springs  referred  to, 
Mr.  Liberty  conceives  would  keep  up  the  supply.  He  calculates 
the  cost  at  465,000^. 

Mr.  W.  Rae  proposes  to  obtain  the  supplies  from  Artesian 
wells,  a  Company  being  formed  in  each  parish  for  the  purpose. 

Mr.  John  Pym  proposes  to  obtain  the  supply  of  water  by 
sinkino-,  "at  a  given  distance  from  the  Tliames,  on  each  side  of 
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the  river,  a  series  of  shafts^  down  to  the  chalk,  say  one  or  more 
every  quarter  of  a  mile^  each  shaft  to  have  a  canal  or  aqueduct 
communicating  with  the  Thames,  between  high  and  low  water- 
marks, through  this  aqueduct  a  stream  would  flow  for  a  given 
period,  twice  every  day,  to  fill  these  shafts,  and  ultimately  fill 
the  chalk  basin.  At  a  convenient  distance  from  this  descending 
shaft  another  shaft  should  be  sunk,  into  which  the  filtered  water 
would  flow  as  in  an  inverted  syphon,  until  it  rose  to  near  the  level 
of  the  water  in  the  Thames." 

The  plan  proposed  by  Mr.  F.  F.  Couch  for  obtaining  the 
supplies  is  identical  in  principle  with  that  of  Mr.  Pym. 

In  the  foregoing  description  of  the  schemes  which  have  been 
recently  brought  before  the  Board  for  the  improvement  of  the 
metropolitan  water  supply,  I  have  confined  the  statement  to  a 
mere  description  of  the  leading  features  of  the  plans,  as  set  forth 
for  the  most  part  by  the  authors  or  promoters  themselves.  Several  of 
the  papers  which  accompany  many  of  the  promoters'  proposals  are 
mainly  occupied  in  showing  the  impracticability  of,  or  objections  to, 
other  of  the  plans  which  are  rival  to  their  own.  It  has  not  appeared 
to  ,be  necessary  to  remark  upon  these  statements,  or  in  fact  to 
enter  upon  any  comparison  of  the  schemes  set  forth,  to  do  which 
ejBfectually  would  have  required  considerable  time  and  a  far  greater 
amount  of  information  than  has  been  afforded.  Although  it  will 
be  obvioas  that  several  of  the  plans  presented  are  of  an  impracti- 
cable character,  and  emanate  from  persons  possessing  no  acquaint- 
ance with  the  subject,  I  have  thought  it  right  to  mention  the  whole 
of  the  schemes  that  have  been  brought  to  the  notice  of  the  Board. 

With  reference  to  the  amount  of  improvement  over  the  present 
modes  of  supply,  which  appear  to  be  offered  by  many  of  these 
proposed  schemes,  I  would  beg  to  offer  one  or  two  general  remarks 
which  occur  upon  an  examination  of  their  leading  features. 

As  to  improved  sources  of  supply,  and  the  promise  of  better 
qualities  of  water  therefrom,  it  will  be  observed  that  twenty  out  of 
the  twenty-five  schemes  enumerated  propose  still  to  obtain  the 
supplies  either  from  the  river  Thames  itself,  or  those  of  its  tribu- 
taries, the  qualities  of  the  water  of  which,  in  its  original  conditions, 
differ  in  a  very  immaterial  degree.  While  the  inherent  objection- 
able qualities  of  these  waters  appear  for  the  most  part  to  have 
been  overlooked,  the  great  aim  has  been,  from  the  time  of  Mr. 
Telford's  plan  to  the  present,  to  obtain  a  supply  as  free  as  possible 
from  organic  impurity,  for  which  purpose  several  of  the  new 
schemes  propose  to  obtain  supplies  of  the  same  water  as  at  present 
delivered,  taken  from  higher  up  the  river  Thames  or  its  tribu- 
taries, or  to  intercept  the  large  amount  of  refuse  which  now  dis- 
charges into  them.  With  reference  to  the  comparative  quality  of 
the  water  taken  from  the  Thames  at  the  highest  point  proposed,  I 
would  beg  to  direct  attention  to  the  report  of  Messrs.  Brande, 
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iMx.Austia.;  Cooper  and  Taylor,  addressed  to  the  Directors  of  the  Southwark 
and  Vauxhall  Water  Works  Company  ;  and  as  to  the  objectionable 
qualities  of  the  spring  water  from  the  chalk  of  the  North  Kent 
district,  which  may  be  said  to  be  perfectly  free  from  organic 
impurity,  but  yet  totally  unfit  for  domestic  uses,  I  would  also  refer 
to  Mr.  Brande's  analyses  of  these  waters,  already  referred  to. 

Evidence  has  been  laid  before  the  Board  on  the  qualities  of  the 
water  from  the  deep  wells  in  the  chalk  of  the  London  basin.  Upon 
the  probability  of  obtaining  supplies  from  this  source  to  meet  the 
consumption  of  the  metropoUs,  the  statements  of  Mr.  Robert 
Stephenson  and  the  evidence  of  Mr.  Braithwaite  may  be  con- 
sulted. 

Instructions  were  early  given  by  the  Board  for  an  examination 
of  the  waters  of  the  valley  of  the  Medway,  the  results  of  which 
have  already  been  laid  before  them. 

With  regard  to  any  proposed  improvements  in  the  Management 
of  the  wate°  supply  of  the  metropolis,  it  will  be  observed  that  the 
majority  of  the  proposals  consist  of  the  introduction  of  additional 
Companies  over  the  same  fields  of  supply,  or  at  the  best,  a  substi- 
tution of  one  Company  for  another.  Of  the  propositions  which  are 
not  brout^ht  forward  bv  Companies,  two  only  enter  upon  the 
important  question  of  management,  and  these  propose  the  appoint- 
ment of  a  separate  parochial  Commission  for  sole  jurisdiction  over 

the  water  supply.  .         ,     c-  i 

In  four  other  of  the  schemes  only  is  any  point  made  ot  improved 
modes  of  supply,  and  these  recognise  only  the  importance  of  a  con- 
tinuous  over  an  intermittent  system.  In  Mr.  Quick's  statements 
will  however,  be  found  some  judicious  suggestions  for  at  once 
affordincr  a  continuous  supply  to  courts  and  blocks  of  teiiements 
which  have  already  been  put  in  operation  widi  good  effect,  and 
which,  as  an  intermediate  course  pending  the  establishment  ot 
complete  measures,  are  well  worthy  of  consideration. 

While  none  of  the  schemes,  with  this  exception,  can  be  said  to 
point  to  the  extended  improvements  which  appear  to  be  so  neces- 
sary in  the  modes  of  distribution  and  apparatus,  or  to  that  combi- 
nation of  works  of  water  supply  and  drainage,  of  delivery  of  water 
to  the  house  and  the  discharge  from  it,  which  all  the  sanitary 
inquiries  have  shown  to  be  in'dispensable  to  the  -^^W~^  f 
thi  healthful  condition  of  town  populations,--with  rega-rd  quan- 
tity nearly  the  whole  of  the  schemes,  where  the  question  ot 
qu  mt "y  is^..enrioned  at  all,  propose  to  afford  a  far  larger  amour^ 
I-  water  than  is  at  present  delivered.  Although  none  1-nt  o^e 
means  of  economizing  the  supplies,  ot  preventing  the  present 
"  ni".se  daily  loss  of  water  and  the  eyils  of  this  ..vs  e  in  the  low 
districts,  the  quantities  for  the  most  P;^^,^^'^^:"^^ 
those  which  all  the  inquiries  instituted  by  the  Boaid  haxt  .ho^^n 

'"i;:^  rSts  of  the  inquiries  in  which  I  had  the  honour  to  take 
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part,  in  conjunction  with  the  Superintending  Inspectors,  as  to  Mr.  Austin, 
whether  the  sand  districts  of  Surrey  would  not  afford  adequate 
supplies  of  water  of  far  superior  quality  to  any  that  were  pointed 
out  in  the  schemes  before  the  public,  having  from  time  to  time  been 
laid  before  the  Board,  in  which  all  were  agreed,  it  will  be  unne- 
cessary to  enter  in  this  place  on  the  points  of  comparison  with  the 
schemes  here  described ;  but  I  would  beg  to  I'epeat,  that  the  very 
short  period  that  has  of  necessity  been  allowed  for  that  exami- 
nation, attended  although  it  has  been  with  such  promising  results, 
has  in  no  way  done  justice  to  the  subject.  The  view  obtained  has 
been  also  over  a  limited  area  only,  no  opportunity  having  been  so 
far  afforded  us  of  extending  the  investigation  over  the  more 
westerly  parts  of  the  district  described  by  Mr.  R.  Austin,  or  the 
more  southerly  district  of  the  sources  of  the  Wey.  It  would  be 
be  most  desirable  that  this  extended  examination  should  be  made, 
as  it  may  very  materially  enlarge  the  view  of  the  capabilities  of 
the  district,  and  modify  the  calculations  that  have  been  made 
thereon. 

I  have  the  honour  to  be. 

My  Lords  and  Gentlemen, 

Your  very  obedient  servant, 

Henry  Austin. 


Remarks  on  the  Ckoton  Aqueduct,  New  York ;  and  on  Ancient  and  Mr. 
Modern  Works  of  Water  Supply.    By  Robert  Rawlinson,  Esq., 
Civil  Engineer,  Superintending  Inspector. 

In  1774,  the  population  of  New  York  was  22,000. 

Cost  of  first  Water-ioorhs  al  Neio  York. 

Expenses  £.2,500 

Land  and  materials  ....  8,850 

Total    .  11,350 

A  reservoir  was  formed,  and  a  well  was  su~o~the  east  line  of 
Broadway     But  the  war  of  the  Revolution,  which  broke  out  in  ITib 
IZ'XIZT'"''''''  '""^        town  appears  quickly  to 

evJj"        '  V'''^'' P^^Posed  ;  this  scheme  was  not,  how- 

PomeTlTh  ;  ^""^       ''"f  y?^'  Company  was  incor- 

wa?er  'rf  ^  r,'°u"^^'^^  ^^'^  "^^'^^^^^  ^'^^^  pure  and'wholesome 
Hmiu  "'J^':*^^  all  foreign  sources,  and  sunk  wells  within  the  citv 

most^'.h^pi  ^T,  ''^r^      T""'^"^  deficient,  and  the  quality 

In  mI  V  7c^o  "''^'"'^  ^'^^^^  unsatisfactory.  ^  ^ 

s.l^ly  be7o:;\he  Cot'  mayor  brought  the  deficient  Late  of  the  water 
the  subicct     Thl  C°^^'^.'\^"'i  ^  Committee  was  appointed  to  consider 
subject.    The  prmc.pal  source  of  the  Bronx  n\er  was  a.am  su^- 
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Mr.  gested.  Yellow  fever  prevailed  in  the  city  during  this  sunrimer,  which, 
irHnKnn.  doubt,  quickened  the  civic  desire  to  obtain  some  better  supply  of 
water.  The  engineer  appointed  to  examine  the  district,  and  report  on 
the  contemplated  scheme,  seems  to  have  been  delayed,  as  the  report  was 
not  handed  in  before  January,  1824.  3,600,000  gallons  of  water  were 
to  be  furnished  at  an  estimated  cost  of  1 ,949,542  dollars.  In  the  fol- 
lowing year,  a  Company  was  incorporated,  styled  the  "  New  York 
Waterworks  Company."  Water  was  to  be  taken  from  the  Bronx  at 
Underhill's  bridge ;  from  where  the  engineer  reported  that  9,000,000 
gallons  could  be  obtained  at  a  cost  not  exceeding  1,450,000  dollars. 
The  Sharon  Canal  Company  had,  however,  in  the  meantime,  forestalled 
the  Waterworks  Company,  and  defeated  this  project,  so  that  in  1821  this 
Waterworks  Company  was  dissolved. 

In  1831,  the  Common  Council  again  cast  about  them  for  a  supply  of 
water  ;  and  the  frightful  ravages  of  cholera  in  1832  quickened  their 
operations.  The  Croton  river,  distant  38^  miles,  was  thought  of.  An 
open  aqueduct  was  first  suggested  ;  but  finally  a  closed  aqueduct  of 
masonry  was  decided  upon.  The  cost  of  the  work,  as  estimated  for 
this  [plan,  and  presented  to  the  Water  Commissioners,  (including  the 
cost  of  the  city  mains  and  conduits,)  was  5,412,336  dollars. 

The  construction  of  the  work  was  commenced  in  May  1837  ;  and  on 
the  22d  June  1842,  the  aqueduct  first  received  the  water  from  the  foun- 
tain reservoir  on  the  Croton ;  on  the  27th  June,  the  water  entered  the 
receiving  reservoir  at  the  city  of  New  York,  and  was  admitted  into  the 
distributing  reservoir  on  the  4th  of  July. 

The  available  capacity  of  the  fountain  reservoir  is  said  to  be 
600  millions  of  gallons.  The  medium  flow  of  the  Croton  river,  where 
this  fountain  reservoir  is  formed,  exceeds  50  millions  of  gallons  in  24 
hours,  and  the  minimum  flow  is  said  to  be  about  27  millions  of  gallons. 
The  aqueduct  is  7  feet  5  inches  wide  at  the  springing  of  the  arch,  which 
is  a  semi ;  and  across  the  invert,  the  width  betwixt  the  side  walls  is  6  feet 

10  inches,  from  the  invert  to  the  soffit,  8  feet  5^  inches  high.  1  tie 
American  engineers  estimate  that  it  is  capable  of  conveying  60  milhons 
of  gallons  each  24  hours.  The  curves  which  are  used  to  change  the 
direction  of  the  line  of  the  aqueduct  are  not  less  than  500  feet  radms. 
Some  few  have  a  radius  of  1,000  feet  and  upwards,  but  the  majority  ot 
them  are  of  500  feet  radius.  There  afe  waste  weirs  for  surp  us  water, 
as  also  six  stop-chambers  and  waste-gates,  out  of  !^hich  the  whole  body 
of  water  may  be  discharged,  leaving  the  length  of  aqueduct  below  free 
for  examinalion  and  repairs.  On  each  mile  there  f^^^^^l^^l 
tilators,  rising  14  feet  above  the  surface,  and  every  third  '^  ^^  ^^  with  a 
side  entrance!^  At  every  quarter  of  a  mile,  openings  2  (eet  square  are 
formed  in  the  arch,  which  are  in  general  covered  "^^^^^.^f-ftf^i 
they  may  be  used  either  for  entrance  or  for  extra  ventilation  at  any  t^me 
such  may  be  required.  The  bottom  of  the  water-way  of  the  aqueduct, 
where  itkaves  the  gate-chamber,  is  1 1 ' 40  feet  be  ow  the  surface  of  he 
fountain  reservoir,  and  154-77  feet  above  the  level  of  -ean  tide  at  the 
citv  of  New  York.    The  aqueduct  has  several  planes  of  descent  from 

11  gate  cTainber  at  the  Croton  dam  to  the  receiv  ng  reservoir  on  the 
Lland  of  New  York,  as  shown  by  the  following  table,  commencmg  at 
the  south  side  of  the  gate-chamber  at  the  Croton  dam :- 
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1.  Plane  of  Aqueduct  • 

2.  Ditto  ditto 
Length  of  Pipes  across  1 

Harl  River   .    .     .  j 

3.  Plaue  of  Aqueduct 
Length  of  Pipes  across  1 

Manhat  Valley  .    .  J 

4.  Plane  of  Aqueduct  . 

Total .    .  . 


Length. 


Feet.  Miles. 

26,099-72  or  4-943 

148,121-25  28-053 

1,377-33  ,,  0-261 

10,733'14  2-033 

4,105-09  ,,  0-777 

10,680-89  ,,  2-023 


201,117'42  or  38-090 


Gradient, 
in  Feet. 


Feet. 
2-94 

30-69 

2*29 

2-  25 

3-  86 
1-60 


43-63 


Fall 
per  Mile. 


  Mr. 

Extra  Fall  I!awlinson. 

wherePipes  — ^ 
are  used. 


Inches. 

n 

13i 


13i 


9* 


Feet. 


5* 


*  The  extra  fall  of  5  feet  would  have  been  avoided  if  the  aqueduct  had  been  con- 
tinuous.  It  is  to  compensate  for  the  friciion  in  the  syphon  pipes. 

"With  a  depth  of  water  2  feet,  the  flow  throughout  the  entire  aqueduct 
IS  said  to  have  been  one  mile  and  a-half  per  hour.  The  receiving  re- 
servoir is  divided  into  two  unequal  areas ;  the  northern  division  covers 
18-13  acres;  the  southern  division  12-75  acres,  making  in  both  nearly 
"31  acres.  The  greatest  depth  of  water  is  20  feet,  and  the  capacity  of 
both  divisions,  when  full,  is  150  millions  imperial  gallons.  These  reser- 
•voirs  are  open  and  exposed. 

Such  is  a  brief  sketch  of  this  celebrated  work,  which  was  estimated 
•at  5*  million  dollars,  but  is  said  to  have  cost  upwards  of  12  million 
dollars,  a  sum  equal  to  71,O00Z.  per  mile,  placing  the  whole  cost  in  con- 
trast with  the  length  of  the  aqueduct.    But  if  the  cost  of  the  reservoirs 

both  ends,  and  the  distributing  apparatus  is  deducted,  the  actual  cost 
of  the  aqueduct  is  upwards  of  40,000^.  a  mile,  equal  in  cost  to  some  of 
■our  most  expensive  and  extravagantly  constructed  railways. 

In  examining  the  Croton  aqueduct,  there  are  several  things  to  be  con- 
sidered, as  example,  and  also  as  warning.  It  was  a  bold  step  in  modern 
times,  to  cast  about  and  look  for  the  best  supply  the  district  would 
afford;  and  contrary  to  existing  usage,  fearlessly  to  undertake  a  work 
which  may  be  fairly  considered  to  parallel  the  great  works  of  anti- 
quity. That  water  may  with  advantage  be  brought  from  a  distance  is  now 
pretty  generally  allowed  and  practised,  and  as  the  subject  becomes  better 
understood,  works  of  this  character  will  be  extended,  but  modern  means 
and  appliances  m  the  use  of  bricks,  tiles  and  the  metals,  should  prevent 
any  repetition  of  such  works  as  the  Croton  aqueduct.  In  the  Croton 
work,  nothmg  has  been  learned  or  forgotten  from  the  time  of  the 

20nTv!'  '^''^  ^''J;""'  ^'^^  ^^"^"y  ^ell  constructed 

2000  years  ago.  It  would  be  difficult  to  devise  a  more  expensive  work  • 
to  cross  valleys  or  where  the  natural  surface  of  the  ground  falls  below 

Stone  fn'  °fg^^^^vT^'^?"^^"^-^  '""^^^'''^  "P*^"  a^foundation  wall  of 
stone  formmg  a  solid  wall  or  pier,  17  feet  thick,  varying  in  height  to 
su  t  the  natural  contour  of  the  valley,  and  the  p  ane  of  fhe  aqueduc 

KedTth  TtXf  "  P^^^'  ''''  '''''  ^^-^-^  -  water-wa'yl  CO  : 
are  Sed  l^W^^^^^^  "  ""'IT'^  foundation;  the  side  walls 

i«  banked  u7JiVl  '  ™'T'^;  ^'^'^^^  ^^^"^^ure  thus  formed 

banked  up  with  earth  on  each  side,  trimmed  off  to  a  side  slope  of  one 
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to  one,  the  surface  of  tlie  embankment  being  paved  with  rubble.  The 
sectional  area  of  the  water-way  is  in  some  instances  about  one-thirtieth 
that  of  the  whole  work,  iuclnding  pier  and  embankment.  On  portions 
of  the  line,  as  at  Sing-Sing,  the  Mill  River,  Jewell's  Brook,  Hastings,  at 
Jonkers,  Clendinning  Valley,  and  other  places,  masonry  structures  of 
the  most  expensive  character  have  been  constructed  ;  but,  nevertheless, 
in  several  instances  it  has  been  found  necessary  to  line  the  water-way 
with  iron  ;  this  is  the  case  over  the  Clendinning  Valley,  and  at  Sing-Sing 
Kill.  At  the  Harlem  River  and  Manhattan  Valley  two  cast-iron  pipes, 
of  3  feet  interior  diameter,  descend  into,  and  crossing  both  valleys,  deliver- 
ing the  water  into  the  masonry  aqueduct  on  the  opposite  side.  The  cost  of 
the  Croton  Aqueduct  may  be  contrasted  with  tiie  following  table : — 

Cost  of  Canals  in  England. 
Canals,  including  Land,  have  cost  per  mile  as  xinder  : — 


Length, 
in  Miles. 

Total  Cost. 

Cost  per  Mile. 

The  Rochdale  Canal  .  . 
The  EUesinere  Canal  .  • 
The  Kennet  and  Avon 
The  Grand  Junction  . 
The  Leeds  and  Liverpool  • 
The  Clyde  Canal   .    .  . 

21J 
57 
78 
90 
129 
35 

£. 

291,900 
400,000 
420,000 
500,000 
800,000 
200,000 

£. 

13,900 
7,017 
5,384 
5,555 
6,201 
5,714 

Total     .     .  . 

4101 

2,611,900 

AboHt  6,370 

The  Croton  Aqueduct 

38i 

2,500,000 

About71,000 

Note.— The  Rochdale  Canal  traverses  a  most  difficult  country  :  bridf^es  and  locks 
are  numerous.  The  Grand  Junction  Canal  passes  more  than  once  the  great  ridge 
of  hills  that  divide  the  waters  of  England.  The  Forth  and  Clyde  Canal,  ui  Scotland 
rises  and  falls  160  feet  vertical,  by  means  of  39  locks :  it  is  8  feet  deep  of  water, 
and  passes  vagsels  19  feet  wide, 

^he  averafl-e  cost  of  these  canals  is,  it  will  be  seen,  many  times  less 
than  the  cos"  of  the  Croton  aqueduct.  The  canals  have,  however,  for 
the  most  part  an  open  channel  of  earth-work,  but  there  are  numerous 
bridges,  culverts,  embankments,  tunnels,  aqueducts,  and  locks,  some  ot 
whicli  works  are  of  a  heavy  and  expensive  character. 

The  question  of  construction  with  respect  to  the  New  York  aqueduct, 
was,  it  appears,  discussed  at  the  outset,  and  to  quote  from  a  description 
of  the  work,  "The  following  modes  were  presented :  a  plain  channel 
formed  of  earth,  like  the  ordinary  construction  of  a  canal  feeder ;  an 
open  channel,  protected  against  the  action  of  the  current  by  masonry  ; 
an  arched  culvert  or  conduit,  composed  essentially  of  masonry;  or  non 
Xes.     An  open  canal  was  objected  to,  on  account  of  exposure  to  im- 
purities from  surface  washings,  and  liability  to  stoppage  from  rost  ;  an 
Lpen  channel  of  masonry  had  the  same  objections  n  ade  to       and  a 
continuous  line  of  iron  pipes  was  rejected,  because  of       ^'^'f  ^v 
dulations,  which  would  offer  so  much  resistance  to  the  flow  ot  wate, 
that  the  discharge  would  be  diminished  in  a  very  great  degree.      il  is 
CO  k  hardly  be  considered,  by  any  person  fully  acquainted  with  1  e 
pr  1  dp  A  of  hy.lraulics.  a  valid  reason  at  that  time,  and  most  certainl> 


Iron  Aqueducts. 


19 


is  not  so  now;  air  valves  on  the  upper  bends  would  have  been  a  security 
for  the  due  action  of  the  pipes ;  but  the  difficulty  is  not  worth  reason- 
ing out.  The  New  York  engineer  has  been  smitten  with  the  works  of 
Egypt  and  Rome  to  such  an  extent,  that  nothing  less  than  a  work 
equal  or  superior  in  massive  grandeur  would  serve  for  modern  use. 
Like  many  later  works,  in  this  country,  railway  works  for  instance, 
appearance  and  personal  fame  have  been  more  considered  than  true 
economy.  This  was  not  the  case  with  our  most  celebrated  canal 
engineers,  who  studied  practical  utility  in  conjunction  wiih  strict 
economy,  and  they  produced  works  equal  to  the  requirements  of  the 
time  and  age,  at  a  minimum  cost. 

The  use  of  iron,  wrought  and  cast,  may  be  much  more  extensively 
employed  in  water-works  than  has  hitherto  been  the  practice;  and, 
each  placed  where  their  capabilities  may  be  best  used,  works  of  equal 
grandeur  and  magnificence  to  any  of  modern  or  even  ancient  times,  may 
be  constructed  for  a  first  cost  many  times  less.  Where  it  is  not  thought 
advisable  to  cross  a  valley  or  river  by  an  inverted  syphon-pipe,  an 
elevated  wrought-iron  tube-aqueduct  may  be  constructed,  light,  elegant, 
nay,  even  graceful  in  structure,  and  which  shall  be  capable  of  carrying 
a  volume  of  water  equal  to  that  brought  by  several  of  the  Roman 
aqueducts  combined.  Telford  set  an  example  in  his  celebrated  Pont-y- 
Cyssylte  Aqueduct,  which  is  126  feet  in  height,  1,007  feet  in  length, 
and  has  a  cast-iron  water-way  as  sound  and  perfect  now  as  the  day  it 
was  made.  For  the  purposes  of  a  water-supply  merely,  this  aqueduct 
might  now  be  constructed  at  the  same  elevation,  to  carry  the  same 
volume  of  wator  (namely,  about  20  millions  of  gallons  daily),  at  one- 
fourth  the  cost ;  as  two-thirds  of  the  present  piers  might  be  dispensed 
with.  In  July  1846,  I  proposed  a  plan  to  the  corporation  of  Liverpool, 
to  bring  in  a  supply  of  water  from  the  river  Dee,  known  by  the  name  of 
the  Bala  Like  Water-works  scheme,  as  the  Dee  rises  in  that  lake.  It  was 
however  proposed  to  take  the  water  at  a  point  of  the  river  three  miles 
above  Llangollen,  about  325  feet  above  low-water  level  at  Liverpool. 
The  whole  length  of  the  aqueduct  would  have  been  64  miles,  but  for  40 
miles  the  upper  edge  of  the  valley  of  the  Dee  would  have  been  contoured, 
and  in  no  district  could  land  more  favourable  for  a  work  of  this  class  be 
found.  The  several  intermediate  valleys  would  have  been  crossed  with 
inverted  syphons,  or  by  means  of  elevated  aqueducts  of  wrought  iron. 
The  plans  for  which  were  submitted  to  Mr.  Fairbairn,  who  reported 
as  follows : — 

"  To  the  Chairman  of  the  Water-works  Committee,  Liverpool. 
"Sir,  Manchester,  October  18^Q, 

"  Mr.  Rawlinson  has  submitted  to  my  inspection  drawings  for 
sheet-iron  aqueducts  for  conveying  water  across  the  Weaver,  and  other 
valleys  from  the  river  Dee  to  Liverpool. 

"In  forming  an  opinion  upon  this  project,  several  considerations 
present  themselves:  1st,  security  ;  2nd,  durability  ;  3rd,  as  to  the  com- 
parative expense  between  this  mode  and  inverted  syphon-pipes ;  4th, 
atniosphtnc  effects,  or  the  changes  to  which  the  iron  aqueduct  would  be 
•subjected  during  the  extremes  of  temperature  at  different  periods  of  the 
year  ;  and  lastly,  the  effects  of  high  winds. 

"With  regard  to  the  first,  I  would  observe,  that  rectangular  troughs, 

c  2 
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Mr.  or,  rather,  tubes,  6  feet  deep  and  2  feet  wide,  with  close  tops,  can  be 
made  of  sumcient  strength  to  carry  33  tons  of  water  on  100  feet  span, 
and  equal  to  12  square  feet  of  area:  the  weight  of  100  feet  of  such  a 
tube  will  be  about  124  tons. 

"  2nd.  Durability.  In  this  respect,  care  must  be  taken  to  prevent 
oxidation,  and  in  order  to  do  this  effectually,  it  will  be  necessary  to 
make  the  top  of  the  tubes,  as  all  the  other  parts,  perfectly  water-tight, 
and  the  tube  being  always  full  of  water,  it  will  be  a  great  security 
aj^ainst  corrosive  action  in  the  interior.  On  the  outside,  the  usual 
preservatives  must  be  applied ;  with  these  precautions,  the  tubes  might 
last  for  an  almost  indefinite  period  of  time. 

"  3rd.  The  expense  of  the  iron  portion  of  the  aqueduct  will  be  about 
20,800^.  a-mile;  that  is,  computing  the  tubes  and  erections  at  32/.*  per 
ton,  or  about  400Z.  for  34  yards.  In  this  estimate  I  have  not  included 
the  cost  of  the  masonry,  which  I  have  left  in  the  hands  of  the  engineer. 

"  4th.  The  effects  of  winter,  or  the  change  of  temperature,  will  not 
be  severely  felt  on  a  long  and  somewhat  flexible  tube.  Internally,  the 
temperature  will  not  vary  considerably,  as  it  never  can  be  above  60°, 
and  never  lower  than  32°  ;  and  any  expansion  or  contraction  from  that 
cause  will  not  seriously  affect  the  stability  of  the  tube. 

"  Lastly.  The  effects  of  high  winds  will  not  in  any  way  endanger  the 
security  of  the  structure;  as,  taking  the  lateral  pressure  at  50  lbs.  upon 
the  square  foot,  the  whole  lateral  pressure  will  not  exceed  13i  tons. 

"  Now  the  weight  of  the  tube,  and  the  water  it  contains,  will  be  45^ 
tons ;  consequently,  the  vertical  will  be  to  the  horizontal  pressure  as  3:^ 
to  1  nearly,  exclusive  of  the  lateral  strength  of  the  tube. 

"  Altogether,  and  under  all  the  circumstances,  there  is  no  dijQSculty  in 
conveying  the  water  in  the  way  proposed,  provided  that  necessary  atten- 
tion be  paid  to  the  erection  of  the  piers  and  the  construction  of  the  tubes. 

"  I  am,  Sir, 

"  Your  faithful  obedient  servant, 

"W.  Fairbairn." 

The  district  drained  by  the  Dee  above  the  proposed  junction  of 
aqueduct  is  of  vast  extent;  289  square  miles;  and  the  volume  of  water 
poured  down  the  river  at  the  same  point  equals  365,000  mdlions 
of  gallons  annually,  or  an  average  of  1,000  million  gallons  each  24 
hours.  Geologically,  the  district  is  most  favourable,  as  the  rocks  are 
principally  clay-slate,  and  the  water  seldom  exceeds  one  degree  ot 
hardness.  The  estimated  cost  to  deliver  30  millions  of  gallons  daily  m 
Liverpool  was  a  little  under  600,000Z.  ,  ,     ui  n 

The  extent  and  character  of  the  Roman  aqueducts  are  tolerably  well 
understood,  thouah  there  is  some  dispute  amongst  antiquarians  as  to 
the  number  which  actuallv  entered  Rome;  accovdmg  to  some  authori- 
ties (P.  Victor),  there  we're  20.  Their  united  volume  of  water  is  said 
to  have  exceeded  500  millions  of  gallons  of  water  daily  (it  is  set  down 
for  nine  of  them  at  376,834,379  gallons  daily).  "  Some  of  these  aque- 
ducts brou-ht  water  to  Rome  from  more  than  a  distance  ot  W  miles, 
through  rocks  and  mountains  and  over  valleys  ;  supported  on  arches  in 
some  places  above  100  feet  high,  one  row  being  placed  above  another. 

*  Wrought  iron  structures  could  now  be  manufactured  for  a  price  much  less  than 
the  one  naiiud  lierc. 


Roman  Aqueducts. 
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The  care  of  the  aqueducts  under  the  emperors  was  entrusted  to  certain      Mr.  ' 
officers,  called  Curatores  aquarum,  with  720  men,  paid  out  of  the  R^^^^on- 
public  funds,  to  keep  them  in  repair.    The  declivity  of  an  aqueduct 
was  at  least  the  fourth  of  an  inch  every  100  feet ;  where  the  water  was 
conveyed  under  ground,  openings  to  the  air  were  formed  every  240  feet. 

The  aqueduct  of  Spoletto,  in  Italy,  is  one  of  the  finest  structures 
ever  erected  by  man ;  it  is  420  feet  high  ;  the  middle  arch  is  328  feet 
in  clear  height,  supported  on  piers  10  feet  6  inches  thick.  Modern 
engineers  may  learn  how  to  economize  materialsby  astudy  of  this  struc- 
ture. The  main  piers  of  Telford's  otherwise  beautiful  bridge  at  Bangor, 
and  the  aqueduct  at  Pont-y-Cysylte,  are  clumsy  and  massive  in  compari- 
son. The  piers  and  land  abutments  at  the  Britannia  Bridge,  spanning 
the  same  straits,  are  most  extravagantly  costly  and  ponderous,  contrasted 
with  the  aqueduct  of  Spoletto,  or  with  the  work  they  have  to  perform. 

If  modern  science  has  taught  us  how  to  make  a  steam-engine,  it  has 
not  yet  fully  inculcated  the  necessity  there  is  that  rigid  economy  should 
be  studied  in  all  engineering  works.  This,  however,  must  be  applied 
in  an  especial  degree  to  all  works  connected  with  towns' improvements, 
namely,  drainage  and  water  supplies.  If  20  houses  can  be  perfectly 
drained  and  supphedwilh  water  for  the  cost  hitherto  charged  upon  one, 
and  the  work  much  better  done,  it  is  the  duty  of  all  concerned  to  see 
that  so  desirable  a  work  is  accomplished.  In  laying  out  new  works, 
due  regard  must  be  had  to  efficiency,  as  to  economy,  and  it  must  ever 
be  considered  that  there  may  be  many  degrees  of  cost  up  to  an  extreme 
maximum  estimate,  but  there  is  only  one  minimum ;  and  it  will  require 
constant  attention,  labour,  and  care,  to  secure  this.  Incompetency  is 
adequate  to  auy  of  the  first ;  knowledge  and  judgment,  with  care,  are 
requisite  to  secure  the  latter. 


Statement  of  the  Estimated  Cost  of  Pumping,  for  continuous  discharge, 
the  Sewage — including  the  soil-water  and  the  greater  proportion  of 
the  rainfall — of  the  Surrey  and  Kent  District  of  the  Metropolis. 

The  flat  district  of  London  on  the  Surrey  and  Kent  side  of  the  river  is  Mr. 
of  very  considerable  extent,  but  its  boundaries  are  not  clearly  defined. 
For  the  present  purpose  its  area  may  be  roughly  estimated  at  4,000 
acres,  the  number  of  its  houses  at  80,000,  and  of  its  population  at 
500,000.  It  may  be  considered  as  forming  about  one-fourth  part  of 
the  whole  metropolis. 

This  district  being  placed  in  great  part  on  the  level,  or  but  just  above, 
or  below,  the  level,  of  high-water ;  is  for  many  hours  every  day,  all 
drainage  from  it  by  natural  means,  is  stopped  by  a  natural  obstacle,  the 
rising  and  falling  river.  In  order,  therefore,  to  relieve  it  from  accu- 
mulations of  house  sewage  and  rainfall,  when  the  outfalls  are  thus  closed, 
it  would  be  necessary  to  raise  by  artificial  means  these  liquids  above 
the  level  of  the  tide. 

On  the  present  system  of  intermittent  drainage  they  are  ponded  up  at 
such  times  in  huge  sewers,  where,  in  a  state  of  repose,  their  power  of 
holdmg  heavier  matter  in  suspension  being  lost,  the  grosser  and  more 
offensive  particles  contained  in  them  are  deposited,  to  the  manifest  dete- 
rioration of  the  healthful  condition  of  the  district. 
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Steam  is  the  most  economical  power  that  could  be  employed  to  raise 
the  refuse  for  continuous  discharge ;  and  it  is  beyond  question  as  fully 
applicable  to  the  purpose  of  town  relief  from  sewage  accumulations  as 
to  that  of  town  supply  with  pure  water. 

By  pumping  to  the  requisite  height  the  discharge  may  be  effected  at 
any  point,  however  distant ;  the  height,  of  course,  increasing  accordingly 
as  the  outfall  is  more  removed.  Thus  for  discharge  into  the  river  at 
the  most  convenient  and  least  objectionable  point  of  the  shore  line  of 
the  district,  say  at  Deptford,  the  sewage  would  have  to  be  raised  a  cer- 
tain number  of  feet;  for  discharge  at  Woolwich,  a  few  feet  higher;  at 
Erith,  a  few  feet  higher  still. 

It  appears  that  the  length  of  the  tidal  flow  of  the  Thames  is  about 
seven  miles,  and  that  of  its  ebb  about  ten  miles.  Sewage  matter,  therefore, 
discharged  at  low  water  at  Deptford  would  be  carried  up  by  the  returning 
tide  as  far  as  Vauxhall  Bridge;  at  Woolwich,  to  near  the  Thames 
Tunnel ;  at  Erith,  to  near  Woolwich. 

In  the  first  supposed  case,  the  pollution  of  the  river  from  this  source 
would  extend  along  the  whole  of  its  course  through  the  more  thickly- 
built  part  of  London;  in  the  second,  the  pollution  would  reach  far 
into  the  densely  peopled  quarters  ;  in  the  last,  no  particle  of  the 
sewage  would  ever  be  carried  above  the  lowest  suburb — Woolwich. 

The  expense  of  pumping  will,  of  course,  bear  a  proportion  to  the  height 
to  which  the  sewage  is  to  be  raised ;  but  it  will  not  increase  in  an  equal 
ratio. 

Besides  the  greater  exjjenditure  for  ptimping  in  order  to  effect  the 
discharge  at  Woolwich  or  Erith,  instead  of  Deptford;  a  sum  would 
have  to  be  allowed  for  the  pipeage  requisite  to  convey  the  sewage  to  those 
places  respectively. 

The  Board  having  requested  me  to  furnish  an  estimate  of  the  expense 
of  relieving  the  district  in  question  by  pumping,  I  propose  now  to  cal- 
culate, upon  certain  assumed  data,  what  it  would  amount  to  in  each  of 
the  three  supposed  cases  of  discharge,  viz.,  1,  at  Deptford;  2,  at  Wool- 
wich ;  3,  at  Erith. 

The  following  data  are  assumed  : — 

(«.)  That  the  height  to  which  the  sewage  would  have  to  be  raised  for 
discharge  at  Deptford  would  be  20  feet. 

{h.)  That  for  discharge  at  any  lower  point  of  the  river  this  height 
would  increase  in  the  proportion"  of  12  inches  for  every  mile  of  dis- 
tance. (This  would  give  a  rate  of  fall  for  the  outfall  pipe  of  12  inches 
per  mile  in  addition  to  the  fall  of  the  river.) 

(c.)  That  the  cost  of  the  outfall  pipe  would  be  10,000Z.  per  mile. 

{d.)  That  the  quantity  of  house  sewage  to  be  raised  would  be  m  the 
proportion  of  20  gallons  daily  to  every  inhabitant. 

(e.)  That  of  the  total  rainfall  of  the  district  24  inches  would  have 
to  be  raised. 

(/.)  That  engine  power  capable  of  effecting  the  continuous  discharge 
of  the  entire  daily  quantity  of  sewage  (exclusive  of  rainfall)  in  the  space 
of  six  hours  would  have  lo  be  provided. 

The  three  following  tables  show  the  estimated  annual  expense  of 
pumping  for  discharge  at  the  three  places  respectively  :— 


Expense  of  discharging  the  Surrey  and  Kent  Seioage. 
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TABLE  I.  Mr. 
EsTiMATF  of  the  ANNUAL  ExPKNSB  of  PcMPiNG  by  Steam  Power  the  Sewage  I^™"' 
ofThe  S-iE"  and  Kent  District,  20  feet  high,  for  discharge  at  Deptpokd. 


Capital. 


£. 


Two  Cornish  engines  (duplicates)  of  175.-horse  power  each,  at  55/.  per  horse  .  19,250 

Engine-house  (say)  I'oOO 

Land  for  ditto  (say)   

Total  capital       .        .  .£27,250 
Annual  Expenses. 

Literest  on  Capital,  Depreciation,  and  Repairs.  £.     «•  d.     £.     s.  d 

To  interest  on  27,250/.,  at  5  per  cent.  .  .  .  ^'^62  10  0 
To  depreciation  on  26,250Z.,  at  2i  per  cent.     .        .  ^  n 

To  repairs  on  26,250i.,  at  2i  per  cent.    .       .        .  _____  2^675    0  0 

Working  Expenses. 

To  960  tons  of  small  coal,  at  12s   ^Z?  ,  ^  ? 

To  oil,  hemp,  tallow,  &c.,  at  5i.  a-day  . 

To  wages— Engineer,  5s.  6t/.  a-day         .       £100    7  6 

„        Stoker,  4s.  Qd.  a-day    .       .  82    2  6 

„       Labourer,  3s.  a-day      .        .  54  15  0 

„        Manager,  Zl  a-week    .       .         156    0  0 


91    5  0 


393    5  0 


Addilional,  for  Pumping  Rainfall  {annual  depth  2  feet).  ^ 

To  375  tons  of  small  coal,  at  12s   225    0  0 

To  extra  labour  over  regular  working  hours     .        .  150    0  0 


1,060  10  0 


375    0  0 


'Total  annual  expense  of  pumping  sewage  for  discharge  at  Deptford  .  £  4, "110  10  0 

TABLE  li. 

Estimate  for  Pumping  the  same,  25  feet  6  inches  high,  for  discharge  at 

Woolwich. 

Capital, 

Two  Cornish  engines  (duplicates)  of  2l8-horse  power  each,  at  53/.  IS*.  £. 

per  horse      .       ,  •■       .        .  23,425 

Engine-house  (say)                                                           ...       .  7,500 

Land  for  ditto  (say)   1 , 000 


Total  capital       .       .  .£31,925 


Annual  Expenses. 

Interest  on  Capital,  Depreciation,  and  Repairs.  £.  s.  d.     £.     s.  d. 

To  interest  on  31,925/.,  at  5  per  cent.      .        .        .  1,596  5  0 

To  depreciation  on  30,925?.,  at  2^  per  cent.     .        .  773  2  6 

To  repairs  on  30,925^  at  2J  per  cent.     ,        .       ,  773  2  6 


Working  Expenses. 
To  1,165  tons  of  small  coal,  at  12s.       .        .        .  699    0  0 

To  oil,  tallow,  hemp,  &c.,  at  5s.  6d.  a-day       .        ,  100    7  6 

To  wages— Engineer,  5s.  Qd.  a-day        .       £100    7  6 
„        Stoker,  4«.  Qd.  a-day    .        .  82    2  6 

„        J^abourer,  3s.  a-day      .        .  54  15  0 

„        Manager,  3/.  a-week     .       .         156    0  0 


3,142  10  0 


393    5  0 

 ■  1,192  12  6 


Carried  forward        .       .       .         £4,335    2  6 


J24      Expense  of  clisdiarging  the  Surrey  and  Kent  Sewage. 
••Mr.  •  £.    s.  d.. 

Kammell.  Brought  forward   4,335    2  6 

Additional,  for  Pumping  Rainfall  (annual  depth  Ifeet). 
To  478  tons  of  small  coal,  at  12*.  .       .       .  286  16  0 

To  extra  labour  over  regular  working  hours     .       .  150    0  0 

  436  16  0- 

Total  annual  working  expenses,  exclusive  of  outfall  pipe  .  .  4,771  18  6 
Add  interest  at  5  per  cent,  upon  capital  (55,000/.)  sunk  in  5^  miles 

of  outfall  pipe   2,750    0  0 

i        Total  annual  expense  of  pumping  sewage,  and  discharging  it  at 

Woolwich    .       .       .       .       .       .       .        .       .  £7,521  18  6 


TABLE  III. 

Estimate  for  Pumping  the  same,  31  feet  high,  for  discharge  at  Erith. 

Capital. 

Two  Cornish  engines  (duplicates)  of  260-horse  power  each,  at  52?.  10s.  £'. 
per  horse      ...........  27,30(y 

Engine-house  Csay^   ..........  8,000 

Land  for  ditto  (say)  .  .       .       .       .       •       .       .1, 000 

Total  capital       .       .       .  £36,30a 

'  Annual  Expenses. 

Interest  on  Capital,  Depreciation,  and  Repairs.  £.     s.  d.     £.  d.. 

To  interest  on  36,300?.,  at  5  per  cent.  .  .  .  1,815  0  0 
To  depreciation  on  35, 300Z.,  at  2i  per  cent.     .        .  882  10  0 

To  repairs  on  35,300?.,  at  2^  per  cent.    .       .       .  882  10  0 


3,580   0  a 


Working  Expenses. 

To  1,370  tons  of  small  coal,  at  12«.  .  .       .          822    0  0 

To  oil,  tallow,  hemp,  &c.,  at  6s.  a-day  .  .       .          109  10  0 

Towages — Engineer,  5s.  6<i.  a-day.  .  £100    7  6 

,.        Stoker,  4s.  ed.  a-day     .  .  82    2  6 

„        Labourer,  3s.  a-day      .  .  54  15  0 

„        Manager,  3Z.  a-week     .  .  156    0  0 


393    5  0 
 l,32i  15  0- 


Additional,  for  Pumping  Rainfall  (annual depth  2  feet). 

To  580  tons  of  small  coal,  at  12s.  .       .   _    .       .  348    0  0 

To  extra  labour  over  regular  working  hours^    .       •  150    0  0 


498    0  @ 


Total  annual  expenses,  exclusive  of  outfall  pipe  •  •  •  5,402  15  0 
Add  interest  at  5  per  cent,  upon  capital  (110,000?.)  sunk  m 

11  miles  of  outfall  pipe  "  " 

Total  annual  expense  of  pumping  sewage,  and  discharging  it  at. 

Erith   _____ 

Note.— In  each  of  the  three  cases  given,  one  of  the  engines  would  raise,  at  ordinary 
working,  the  total  daily  quantity  (10,000,000  gallons)  of  sewage  in  six  hours. 
Upon  emergencies  the  full  power  of  both  engines  would  raise  as  fast  as  produced,  and 
in  addition  to  the  house  sewage,  a  rainfall  equal  to  a  depth  of  ^^I's 't>ches  (nearly)  ir.  six 
hours  over  the  entire  area ;  and  exclusive  of  tlie  house  sewage,  a  rainlall  equal  to  a 
depth  of  foths  inches  (nearly)  iu  six  hours. 


JVbrk  done  hy  Cornish  Engine. 
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From  the  foregoing  tables  it  follows  that  the  expense  of  pumping  and  Mr.^ 
providing  for  the  discharge  of  the  sewage  (including  two  feet  depth 
of  rainfall)  of  the  district,  would  be  met  by  an  annual  charge  per  house 
and  per  inhabitant  as  follows : — 

If  spread  over  the  district,  and  discharged  at  Deptford,  per  house 
1*  0M.(l2-33d), per  inhabitant  2«?.(1-916?.);  discharged  at  Woolwich, 
per  house  I*.  lOfd  (22'  M.),  per  inhabitant  3fd  (3-61rf.)  ;  discharged 
atErith,  per  house  2*.  8|d  (32-7lrf.)>        inhabitant,  5ic?.(5-23c/.) 

If  spread  over  the  entire  metropolis,  and  discharged  at  Deptford,  per 
house  3ld.,  per  inhabitant  O^d. ;  discharged  at  Woolwich,  per  house 
h^d.  (5-67d),  per  inhabitant.  Id.  (0-90^0;  discharged  at  Erith,  per 
house  Sid.  (8-21c?.)>  per  inhabitant  l\d.  (I'Slrf.) 

T.  Webster  Rammell. 

London,  May  1850. 


3Ir.  Samuel  Hocking,  Civil  Engineer,  examined. 

1.  Are  you  not  particularly  engaged  in  the  supply  of  Cornish  en-  Mr.Hocking. 
gines  ? — I  am.  "~ 

2.  Have  you  not  supplied  these  engines  in  various  parts  of  the  coun- 
try ? — -I  have. 

3.  In  some  evidence  as  to  the  working  of  a  Cornish  engine  in  the 
metropolis  of  an  80-inch  cylinder,  given  in  the  year  1844,  it  was  stated, 
that  with  coal  at  the  price  of  12^.  the  duty  done  by  the  engine  at  that 
period  was  the  raising  of  80,000  gallons  of  water  100  feet  for  I*. 
What  would  such  an  engine  do  now  ? — Since  that  period  I  have,  as  an 
engineer  and  agent  to  the  firm  of  Sandys,  Vivian  and  Co,  Hayle,  Corn- 
wall (where  these  engines  are  made),  erected  some  engines  of  larger 
size,  which,  principally  from  their  increased  size,  enable  us  to  pump 
water  at  a  still  cheaper  rate.  Supposing  one  of  these  engines  con- 
stantly at  work  night  and  day,  and  at  a  moderate  speed,  it  would  raise, 
on  an  average,  87,000  gallons  of  water  100  feet  high  for  \s. 

4.  That  is  to  say  388  tons  of  water? — Yes,  388^  tons  of  water  lifted 
100  feel  high  for  \s. 

5.  What  is  the  size  of  that  cylinder  ? — 90  inches  in  diameter. 

6.  What  number  of  horse-power  according  to  the  usual  reckoning? — 
About  230  horse-power, 

7.  Was  that  in  London  ? — Yes. 

8.  And  what  price  do  you  calculate  the  coals  then  to  have  been  ? — • 
12s.  per  ton  for  Newcastle  small  coals. 

9.  Supposing  the  supply  for  the  Metropolis  to  be  taken  at  50,000,000 
gallons  a-day,  to  be  lifted  100  feet  high,  how  much  would  the  average 
cost  of  pumping  that  quantity  be? — ■28/.  14*.  8c?.  with  engines  of  the 
largest  size. 

10.  What  would  the  supply  per  house  be  during  the  year,  taking  it 
at  75  gallons  per  diem? — 27,375  gallons,  or  in  round  numbers  28,000 
gallons. 

11.  What  would  be  tlie  annual  cost  of  pumping  75  gallons  per  house 
per  diem  ?— About  3  8c?.  or  under  fourpence. 

12.  Do  you  happen  to  know  whether  100  feet  would  be  a  fair  lift 
for  the  Metropolis? — It  would  be  sufficient  for  some  districts.  But 
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Expense  of  jmmping  by  Engine. 


Mr.HociUng.  the  height  to  wliich  the  water  must  be  pumped  will  depend  on  the 
elevation  of  the  dislrict  and  its  distance  from  the  engine-station.  At 
one  of  the  Water  Works  I  know  it  is  pumped  to  more  than  double 
that  height. 

13.  Of  course  the  smaller  sized  engines  will  not  work  to  the  same 
advantage  as  thejarger  ones? — The  amount  of  labour  is  greater  in  pro- 
portion to  the  power  employed,  and  the  consumption  of  coals  is  also  in 
an  increased  ratio. 

_  14.  Will  you  put  in  a  scale  of  the  actual  survey  of  engines  of  the 
different  sizes  you  have  made  ? — The  following  table  was  put  in  by  the 
witness  : — 

Cost  of  Pumping  Water  for  the  Supply  of  Towns  by  Cornish  Engines  of  various 
sizes,  using  Newcastle  small  Coals  at  12«.  per  Ton. 


Size 
of  Engine  in 
Horses  Power. 

Quantity  of  Water 
raised  to  loo  feet  high 
for  One  Shiling. 

Annual  cost 
per  House,  with  a 

supply  of 
75  Gallons  per  Day. 

H.P. 

Gallons. 

Pence. 

230 

87,997 

3-73 

180 

80,436 

4-08 

135 

74,862 

4-38 

100 

67,848 

4-84 

65 

61,549 

5-33 

40 

54,905 

•  98 

33 

43,214 

7-60 

N.B. — This  Estimate  does  not  Include  interest  on  outlay  or  the  Repairs. 

15.  What  is  the  size  of  the  smallest? — A  30-incb  cylinder  about  25 
horse-power. 

16.  How  much  more  expensively  would  such  an  engine  work  in 
proportion  than  that  of  the  230  horse-power.  Will  you  show  it  by  a 
proportionate  table  of  the  whole  ? — About  double  the  expense  as  shown 
in  the  table  above.  By  an  engine  of  25  horse-power,  43,000  gallons 
only  can  be  pumped  100  feet  high  for  1*.,  whereas  by  the  230  horse- 
power engine,  87,000  gallons  can  be  raised  to  that  elevation  at  the 
same  cost. 

17.  Then  a  single  engine  of  about  25  horse-power  for  a  single  house 
instead  of  pumping  the  required  quantity  for  Ad.  would  only  do  it  for 
about  double  that  sum? — It  would  be  somewhat  under  7|c?  if  done  by 
the  smallest  engine. 

18.  That  is  the  working  expense,  the  interest  of  capital  being 
omitted  ? — Yes. 

19.  Then  this  would  be  the  additional  working  expense  of  delivering 
water  at  the  base  and  delivering  it  100  feet  high? — Yes. 

20.  Supposing  you  had  to  pump  the  water  to  distribute  it  at  the 
basement  of  the  house,  the  cost  of  afterwards  raising  it  100  feet  high 
would  be  what  you  have  staled? — Yes. 

21.  What  will  any  given  quantity  of  coal  converted  into  steam  do 
in  pumping  by  these  engines? — A  ton  of  coals  will  lift  1,600,000 
(one  million  six  hundred  thousand)  gallons  100  feet  high. 

22.  Or,  supposing  a  room  filled  with  water  750  feet  square,  and 
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4  feet  deep,  what  quantity  of  coal  would  it  require  to  lift  that  water  Mr.Mng, 
100  feet  hio-h  ?-8  tons,  15  cwt.,  3  qrs.    If  only  50  feet  square  it  would 
be  lifted  with  8H  lbs.  of  coals.  . 

23  Is  it  not  your  practice  in  Cornwall  to  make  it  the  stoker  s  or 
en-ine-man's  interest  to  work  the  en-ines  with  the  least  quantity  of 
fuel  Yes.  The  coals  are  weighed  out  to  each  man  and  caretuUy 
registered  against  him  ;  and  if  one  does  not  make  it  do  as  much  work 
as'another,  it  is  easily  discovered.  ,  u  j      o  v 

24.  And  each  man  is  promoted  according  to  the  work  he  does  ^s. 

25.  Then  you  are  enabled  to  register  the  power  according  to  the 
work  done?— Yes;  it  is  registered  and  marked  down  according  to  the 
number  of  strokes  made  by  the  engine. 

26.  What  is  the  quantity  of  coal  consumed  in  these  engines  com- 
pared with  others  ? — About  one-third. 

27.  Is  there  any  peculiarity  in  the  kind  of  coal  that  it  is  necessary 
to  use  for  these  Cornish  engines? — No. 

28.  Then  in  fact  when  we  see  a  Cornish  engine  giving  out  httle  or 
no  smoke,  it  is  because  the  consumption  of  coal  is  the  more  complete  ? 
— Yes.  In  Cornwall,  however,  the  coal  used  is  from  Swansea,  and  it 
gives  off  less  smoke  than  the  Newcastle  coal. 

29.  How  is  it  with  Newcastle  coal  when  used  in  Cornish  engines? 
— The  quantity  of  coal  consumed  is  not  more  than  one-third  of  the 
quantity  used  in  other  engines  ;  and  by  having  much  more  boiler 
surface  in  proportion  to  the  quantity  of  coal  consumed,  and  a  very 
weak  current  of  draft  through  the  flues,  the  smoke  remains  longer  over 
the  fire  and  more  of  it  is  consumed. 

30.  Thjn  the  use  of  Cornish  engine  involves  a  saving  of  two- 
thirds  of  the  coal,  and  a  consequent  diniunition  of  two-thirds  of  the 
smoke? — 'Yes  ;  even  to  a  iireater  extent  than  that,  probaby  on€-sixth 
part  of  the  smoke  given  off  by  ordinary  engines  would  be  nearer  the 
truth. 

31.  With  100  horse-power  Cornish  engine,  what  would  be  the 
saving  of  coals  per  diem,  calculating  the  coal  to  be  respectively  at 
5^.,  8j.,  10*.,  12*.,  and  the  London  price  1/.  per  ton  ? — 

£.  s.  d. 

Coal  at  55.  per  ton,,  the  saving  per  day  would  be     116  0 
„    Bs.     „  „  ,.  2  17  0 

„  10*.     „  „  „  3  12  0 

„  12*.     „  „  „  4    6  0 

„  20*.     „  „  „  6  12  0 

Annual  saving  at  the  present  price  of  small  coals  in  London  (12*. 
per  ton)  and  working  six  days  per  week,  would  be  on  100  horse-power 
engine  no  less  a  sum  than  1,345/.  And  for  one  of  the  largest  engines 
the  saving  would  be,  per  day,  7/.  11*.,  or  per  annum,  2,363/.,  which 
would  represent  a  capital  (at  5  per  cent,  interest)  of  47,260/. 

32.  Also  make  the  same  compari.«on  with  a  25  horse-power  Cornish 

£   s  d 

Coal  at  5s.  per  ton,  the  saving  per  day  would  be     Oil  6 
j>    8*.     „  „  „  0  18  6 

5,  lOy.     „  „  ,,130 

»  12*-     „  „  ,,180 

'»  20*.     „  „  2    2  0 
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Mr.Hocking.  33.  Also  the  actual  annual  expense  of  working  different  sized  en- 
gines, say  a  200  horse-power,  a  100,  a  50,  a  25,  and  a  10  horse-power 
engine  ? — I  keep  no  account  of  "  the  actual  annual  expense  of  working" 
the  engines  which  I  supply,  as  they  are  worked  at  the  expense  of  the 
Water  Companies,  and  are  entirely  under  the  control  and  manage- 
ment of  their  engineers. 

34.  What  are  the  prices  of  the  ditferent  sized  engines,  and  what 
would  be  the  annual  working  expense  of  them,  the  original  outlay,  and 
a  fair  allowance  for  annual  depreciation  ? — The  cost  of  these  engines 
will  depend  on  circumstances,  which  are  found  to  differ  in  almost 
every  case.  Engines  of  the  largest  size  will  cost,  when  set  to  work 
complete,  about  50/.  per  horse-power,  the  smaller  one  somewhat  more. 
The  "allowance  for  annual  depreciation"  of  the  Cornish  engines  em- 
ployed at  Water  Works  will,  in  no  case,  exceed  the  amount  allowed 
for  that  of  the  ordinary  engines  working  under  the  most  favourable 
circumstances.  I  know  of  no  accident  happening  to  them  since  their 
first  introduction  to  Water  Works,  about  12  years  ago,  whilst  their 
repairs  have  been  of  a  very  trifling  and  inexpensive  kind. 


Joseph  Quicky  Esq.^  examined. 

Mr.  Quick.      1.  Are  you  not  engineer  to  the  Southwark  and  Vauxhall  Company 
and  consulting  engineer  to  the  Grand  Junction  Company  ? — Yes,  I  am. 

2.  What  quantity  of  water  is  pumped  per  diem  by  the  Grand  Junc- 
tion Company  ? — Between  three  and  four  millions  of  gallons,  or  an 
average  daily  supply  throughout  the  year  of  3,541,716  gallons. 

3.  To  how  many  houses  or  buildings? — 14,058. 

4.  What  do  you  estimate  the  average  quantity  delivered  per  diem 
to  each  house  in  this  district  ? — The  average  daily  supply  for  domestic 
use  in  the  past  year  has  been  223  gallons  per  house,  or  25  gallons  per 
head ;  or,  for  all  purposes,  including  road-watering,  railways,  &c., 
252  gallons  per  house,  or  28  gallons  per  head. 

5.  By  a  former  Return  it  was  stated  that  the  delivery  in  the  district 
of  the  Grand  Junction  Company  was  upwards  of  300  gallons  ;  has  the 
quantity  been  decreased? — I  think  there  must  have  been  some  inac- 
curacy in  that  return,  partly  perhaps  arising  from  the  supply  being  then 
only  given  three  days  in  the  week,  and  partly  from  a  less  perfect 
arrangement  of  mains  and  stop-cocks:  there  has  also  been  since  a 
more  exact  account  taken  of  the  number  of  separate  tenements. 

6.  What  is  the  quantity  pumped  per  diem  by  the  Southwark  and 
"Vauxhall  Company? — Between  six  and  seven  millions  of  gallons,  or  a 
daily  average  throughout  the  year  of  6,011,225  gallons. 

7.  To  how  many  separate  houses  and  buildings? — 35,511. 

8.  What  do  you  estimate  as  the  average  quantity  delivered  to  each 
house  or  building  per  diem  ? — 143  gallons  daily  throughout  the  year 
for  domestic  use,  being  22  gallons  per  head;  or  169  gallons,  which 
includes  the  supplies  to  railways,  manufactories,  road -watering,  &c., 
being  26  gallons  per  head. 

9.  Are  not  the  houses  on  the  south  side,  or  in  the  Southwark  and 
Vauxhall  district,  (on  the  average)  of  a  much  lower  class  in  rental  and 
condition  than  those  of  the  Grand  Junction  ?  —  Certainly,  very  greatly 
so;  but  it  is  difficult  to  draw  a  comparison  between  the  districts. 
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10   In  what  way  may  the  Commissioners  least  inconveniently  M 
to  the  Companies  verify  the  fact  as  to  the  quantity  of  water  daily 
distributed  by  them  to  their  tenantry  in  each  district?— 

*'  Waterworks,  Sumner-streety 
«,  c,„  "  December  20,  1S49. 

"  1  BEG  to  lay  "before  yon  the  following  instructions  for  the 
purpose  of  ascertaining  and  verifying  the  quantity  of  water  pumped  by 
the  London  Water  Companies  and  supplied  to  their  tenantry  in  the 

Ist^.''  To  take  an  account  from  the  engine-book  of  the  number  of 
strokes  of  each  engine  (each  engine  being  named  or  numbered),  and 
to  measure  the  capacity  of  the  pumps,  to  ascertain  the  quantity  of  water 

delivered.  i     £.  i    Titr  i 

"  2ndly.  To  appoint  some  engineer  to  visit  each  of  the  Waterworks 
establishments,  to  take  the  counters  of  the  engine  for  a  given  time, 
and  also  to  gauge  the  pumps  for  the  delivery. 

"  I  am,  Sir, 

"  Your  obedient  servant, 
(Signed)  J.  Quick." 

11.  Do  you  know  the  average  size  of  butts  and  cisterns  to  the  lower 
class  of  dwellings?— They  are  very  various;  ranging  from  a  small 
pork-tierce  of  three  or  four  gallons,  to  an  18,  54,  or  63  gallon  cask, 
but  seldom  approaching  to  the  latter.  Cisterns  are  very  rare  in  small 
houses,  and  when  put  up  do  not  contain  more  than  40  to  50  gallons. 

12.  Are  not  butts  of  the  size  of  100  gallons  very  rare  in  the 
Southwark  district? — Yes;  there  are  very  few  of  the  smaller  class  of 
six  or  eight  roomed  houses  that  have  above  a  63-gallon  cask ;  but 
houses  of  a  better  description  will  have  receptacles  that  contain  between 
100  and  200  gallons. 

13.  Have  you  ever  had  an  opportunity  of  gauging  the  contents  of 
butts,  and  the  quantities  of  water  consumed? — I  have  lately  made  some 
experiments,  and  find  that  the  butts  of  four,  six,  and  eight  roomed 
houses,  containing  40,  50,  and  63  gallons  respectively,  are,  on  the 
average,  about  half  emptied  in  a  day;  so  that  when  the  water  is 
turned  on  only  half  a  butt  would  be  required  by  19  out  of  20  houses  ; 
but  it  generally  happens  that  the  twentieth  is  a  baker  or  butcher,  or 
perhaps  a  public-bouse,  with  a  butt  or  cistern  in  an  elevated  position, 
for  the  convenience  of  his  business  or  the  saving  of  room  ;  and  to  satisfy 
the  wants  of  this  one  tenant  the  water  has  to  be  kept  on  three  or 
four  times  longer  than  would  be  sufficient  for  the  ordinary  supply ;  and 
the  waste  going  on  the  whole  time  from  the  adjoining  houses,  brings  up 
the  average  daily  supply  to  143  gallons  for  each  house. 

14.  Then  you  think  that  the  butts  served  them  well,  as  far  as  your 
observation  went,  when  the  supply  was  given  on  alternate  days  ? — Yes ; 
but  not  so  well  as  now,  with  the  exception  of  the  very  poorest  districts, 
in  which,  when  the  Company  supplied  on  alternate  days,  butts  were 
provided  ;  but  since  the  water  has  been  turned  on  at  a  certain  hour  every 
day  in  the  week,  many  take  their  chance  of  filling  any  vessel  they  may 
possess  during  the  lime  it  is  on.  The  daily  supply  has  been  aflbrded 
by  the  Company  for  nearly  two  years. 

13.  Has  your  number  of  customers  increased  in   a  greater  ratio 
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since  the  daily  supply  has  been  ^iveii  ? — Not  more  than  previously,  as 
tlie  same  amnnnt  of  water  in  the  airgregate  was  allowed  to  each  house 
as  at  the  present  time  ;  the  only  difference  being  that  it  is  now  turned 
on  for  one  hour  daily,  in  place  of  two  hours  every  other  day. 

16.  Have  you  seen  a  set  of  gaugings  made  on  a  block  of  1300 
houses,  on  the  north  side  of  the  Thames,  which  were  supplied  with 
water,  and  where  it  was  proved  that  the  quantity  of  water  daily 
consumed  from  the  cisterns  was  51  gallons  per  house? — I  have;  and 
I  believe  that  quantity  to  be  a  fair  average  of  the  positive  consumption 
for  the  middling  classes  of  houses,  and  it  quite  accords  with  my  own 
observation. 

17.  In  that  particular  case,  and  in  others  also,  the  general  conclu- 
sion has  been  stated,  that  the  quantity  of  water  wasted  is  absolutely 
three  times  greater  than  the  water  consumed  ? — I  believe  that  to  be 
the  case ;  generally  I  know  it  to  be  so  in  the  Southwark  and  Vauxhall 
district. 

18.  Then  the  only  difference  is,  that  on  the  north  side  the  water  is 
silently  conducted  through  a  waste-pipe  from  the  cistern  to  a  drain,  and 
on  the  south  side  is  allowed  to  run  over  the  sides  of  a  butt  and  saturate 
the  earth  ? — Yes,  and  in  many  cases  it  causes  the  most  serious  incon- 
venience to  persons  situated  on  lower  levels  than  their  neighbours,  by 
flooding  them  every  time  the  water  is  turned  on,  and  it  is  one  of  the 
arrangements  that  would  require  the  most  serious  consideration  in  any 
new  system  of  supply. 

19.  Mr.  Eoe  stated  that,  on  an  average,  the  supply  did  not  exceed 
76  gallons  for  the  highest  class  of  houses,  even  where  there  are  three 
water-closets  and  baths  ? — I  believe  that  if  you  were  to  take  the  average 
of  a  number  of  houses  in  any  district,  76  gallons  would  be  found  suffi- 
cient, but  I  am  disposed  to  think  houses  having  three  water-closets  and 
baths  would  in  most  cases  be  found  to  consume  a  much  larger  quantity. 

20.  Have  you  observed  the  house-drains  in  action  with  this  intermit- 
tent supply  ? — I  have  frequently. 

21.  What  was  their  state,  notwithstanding  this  waste  of  water?— 
In  many  instances  they  were  filled  up  with  black  matter;  they  had 
gone  on  for  years,  until  a  final  stoppage  took  place. 

22.  Then  from  the  construction  of  house  drainage,  according  to  your 
experience  as  an  engineer,  you  corroborate  the  opinion  that  the  deposit 
was  not  removed  by  the  flow  of  water  on  the  days  of  supply,  but  went 
on  increasing  until  it  was  removed  by  hand-labour? — Yes. 

23.  And  you  agree  that  the  common  estimate  of  water-supply  is 

greatly  in  excess  ? — Greatly.  ,     ^  ^        .     r r  * 

24  Does  your  own  experience  corroborate  the  statements  of  the  tact 
tha"t  in  butts  and  cisterns  the  water  in  a  close  atmosphere  becomes 
tainted  ?— All  waters  are  liable  to  become  tainted  in  an  mipure  atmos- 
phere, but  where  the  butts  or  cisterns  are  properly  situated  and  attended 
to,  the  water  will  keep  pure  for  a  great  length  of  tune. 

25.  Have  you  examined  the  system  of  constant  supply  as  .t  is  earned 
out  in  Preston  ?— I  have. 

 ^j^,      LllC    ici./vy.^..  ...J,    7 

those  occupied  by  the  labouring 


26.  Are  the  houses  there,  occnpied  by  the  labounng  classes,  on  t^^^^^ 

S    ± 

to  size  and  convenience;  they  are  mostly  provide 


whole  of  a  better  description  than  those  occupied  oy  rne  ^auouu,^ 
da.ses  in  Lambeth  aud  a  large  portion  of  Southwark ?-Yes,  both  as 
to  s  ze  and  convenience;  they  are  mostly  provided  with  washhouses  and 
sinks  and  all  the  conveniences  necessary  for  the  comfort  of  a  family. 


Effects  of  constant  Supply  on  Quantities  used. 


27.  The  manager  of  the  works  in  Preston  stated  in  evidence  that  Mr.^uicls. 
their  average  supply  to  6000  tenements  was  about  50  gallons  per 

house  per  diem  ? — I  have  no  doubt,  from  the  great  care  that  is  taken  to 
prevent  waste,  that  the  quantity  named  is  correct. 

28.  There  is  a  large  proportion  of  manufactories  included  in  that 
average  of  supply  ? — I  wsa  informed  that  was  the  average  daily  quantity 
used  for  all  purposes  of  consumption,  and  that  it  was  found  to  be  suffi- 
cient for  a  population  having  larger  demands  for  water  than  an  average 
cue. 

29.  Did  you  examine  any  other  works  than  those  at  Preston  where 
the  system  of  constant  supply  had  been  in  action? — Yes,  at  Notting- 
ham, where  I  questioned  several  of  the  housekeepers  (both  in  the 
higher  and  lower  portions  of  the  town),  to  see  if  they  were  inconve- 
nienced by  the  water  being  turned  off  at  any  time ;  I  was  informed 
that,  before  the  water  is  turned  off,  a  notice  is  sent  from  the  Water 
Company  to  each  tenant,  with  an  intimation  that  the  supply  will 
be  stopped  from  a  certain  time  to  a  certain  time.  They  know  accord- 
ingly what  quantity  of  water  to  draw  otf  before  the  main  is  shut ;  but 
this  happens  so  seldom,  that  they  think  nothing  of  it. 

30.  What  is  the  smallest  size  main-pipe  you  know  to  have  been  used 
for  the  service  of  mains  ? — The  smallest  lead  pipe  for  the  service  of  a 
number  of  houses  was  a  1-inch  pipe  ;  it  was  the  entire  side  of  a  long 
street  of  some  35  or  40  houses. 

31.  Under  what  head  of  pressure? — I  only  know  that  in  the  middle 
of  the  day  we  went  to  the  last  house.  We  examined  and  asked  the 
person  whether  the  water  was  on,  and  we  were  told  it  was  never  off. 
That  was  a  house  at  the  highest  end  of  the  street,  and  the  flow  was 
very  free  from  a  half-inch  pipe. 

32.  Has  there  been  an  instance  of  constant  supply  put  on  in  London 
for  tenements  occupied  by  the  poorer  classes  ? — Yes,  on  a  small  scale, 
in  Rose-court,  Dockhead;  and  a  small  part  of  Jacob's  Island,  Ber- 
mondsey.      The  agent  to  Rose-court  applied  to  the  Company  to 
ascertain  the  best  means  of  improving  the  supply  to  his  tenements,  and 
at  the  same  time  get  rid  of  the  nuisance  of  a  common  tap,  which  was 
running  for  two  or  three  hours  every  day,  and  causinp;  perpetual 
quarrels  between  his  tenants  and  jthe  people  from  Jacob's  Island,  who 
had  not  any  supply  from  the  Company.    It  was  recommended  to  take 
away  the  common  tap  and  erect  a  tank  in  some  central  situation,  and 
lay  an  inch  lead  pipe  with  a  half-inch  branch  to  each  house.    This  has 
been  done,  and  the  result  has  been  a  marked  improvement  in  the  people ; 
as  they  now  pay  their  rents  regularly,  being  fearful  that  they  would  not 
lind  the  same  accommodation  if  they  were  to  go  to  other  houses ;  and 
the  agent  informed  me  that  he  was  so  well  satisfied  with  the  arrange- 
ments, that  he  would  have  the  whole  of  the  houses  under  his  care  laid 
on  in  the  same  way.    The  Company  have  also  been  gainers,  as  they 
save  at  least  200  or  300  gallons  of  water  daily.    The  other  supply  is 
to  10  houses  on  a  part  of  Jacob's  Island,  from  a  tank  and  an  inch  lead 
pipe  with  a  half-inch  branch  leading  into  each  house ;  the  same  result 
as  regards  the  tenants  has  taken  place  in  this  case. 

33.  And  you  advise  then,  as  the  preventive  for  this'  disorder,  that 
a  constant  supply  should  belaid  on  from  one  general  reservoir  or  tank 
to  small  houses?— I  believe  that  would  be  the  most  efficient  way  of 
affording  a  constant  supply  to  large  blocks  of  small  houses,  and  it 
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Mr^Quick.  could  be  arranged  very  economically  by  persons  availing  themselves  of 
the  use  of  the  Company's  pipes  beyond  the  branch  leading  into  the  tank 
as  a  feeder  to  the  house  services.  It  would  also  be  a  great  protection 
to  the  high-service  of  the  district,  as  all  the  water  must  ascend  to  the 
height  of  the  tank  before  it  could  be  drawn  off;  and  if  the  Company's 
pipes  could  not  be  used  to  conduct  the  water,  a  small  service  of  1-inch 
or  more  in  diameter,  leading  from  the  tank  with  i-inch  branches  to  the 
houses,  could  be  laid  in  the  most  convenient  situation,  and  would  be 
the  least  expensive  mode  of  giving  a  supply  to  houses  that  are  not  at 
present  laid  on. 

34.  Will  you  state  the  result  of  the  experiment  as  to  the  comfort  of 
the  people  ? — The  difference  is  very  great ;  the  agent  to  the  estate  in- 
forms me  that  quarrelling  has  scarcely  been  known  among  his  tenants 
since  the  alteration,  that  the  tenants  never  refuse  to  pay  him  the  rent, 
and  that  he  could  obtain  M.  or  6rf.  per  week  more  for  each  house,  if 
any  of  them  became  empty;  and  if  he  had  100  houses  in  the  neighbour- 
hood, with  water  laid  on  in  the  same  way,  he  could  find  tenants  for  them 
at  increased  rents. 

35.  And  the  great  waste  must  have  saturated  the  ground  and  caused 
much  dampness  in  the  neighbourhood? — Yes,  and  the  paving-stones 
were  often  washed  up  and  the  inside  of  the  houses  made  very  damp. 
The  tank  holds  about  210  gallons,  and  provides  an  ample  supply  for 
10  small  houses,  at  about  20  gallons  per  diem  for  each  house.  The 
tank  is  filled  every  day. 

36.  With  an  average  population  then  that  is  enough  ? — On  an  average 
it  is  as  much  as  is  consumed  in  houses  of  that  class — four-roomed 
houses. 

37.  From  this  case  you  may  assume  that  the  benefit  might  be  ex- 
tended to  a  larger  class  of  houses? — Yes,  to  all,  not  only  with  advan- 
tage to  the  people  themselves,  but  the  Company  also. 

38.  What  do  you  apprehend  would  be  the  difficulties  of  changing  the 
system  from  an  intermittent  to  a  constant  supply  ? — The  greatest  diffi- 
culty would  arise  from  the  very  defective  state  of  the  house  service-pipes 
in  poor  districts,  and  the  waste-pipes  of  cisterns  in  the  better  class  of 
houses ;  also  in  making  provision  for  supplying  large  manufacturers, 
road-watering,  &c.,  at  low  levels  at  the  same  time  that  supplies  would 
be  required  from  services  in  the  highest  situations  in  the  district.  The 
first  question  would  involve  a  remodelling  of  the  lead  service-pipes  ;  and 
the  second,  a  total  change  in  the  arrangements  of  the  house  cisterns,  as 
I  believe  waste-pipes  from  cisterns  would  be  fatal  to  any  system  of  con- 
stant supply.  The  third  could  be  arranged  either  by  laying  down  a 
separate  main,  or  by  each  manufacturer  providing  himself  with  a  tank 
of  sufficient  capacity  for  his  daily  requirements,  which  could  be  filled  at 
any  convenient  hour  of  the  night ;  it  would  also  be  necessary  to  give  the 
entire  control  over  the  lead  service-pipes  and  everything  connected  with 
them  to  the  Company,  so  that  deficiency  of  supply,  or  waste  of  water, 
might  at  once  be  remedied  by  their  servants  and  under  the  inspection  of 
their  officers. 

39.  It  has  been  stated  that  smaller  branch-pipes  are  used  for  the 
constant  supply  than  for  the  intermittent  onei' — That  I  found  to  be  the 
case  at  Preston  and  Nottingham,  and  I  believe  it  would  apply  gene- 
rally to  supplies  taken  at  nearly  the  same  level. 

40.  How  is  it  at  Oldham,  where  water  is  delivered  under  400  feet 
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pressure  ? — There,  no  doubt,  the  height  would  be  great  enough 
the  town  to  overcome  the  difficulties  of  the  differences  of  height  ... 

41.  What  is  the  proportion  of  breakages  and  other  accidents  to  iron 
pipes?— Accidents  seldom  happen  to  the  leading  mains  if  properly- 
laid,  they  are  generally  confined  to  the  side  services  and  small  branch 
mains,  and  I  believe  they  are  caused  by  the  vibration  of  heavy  loads 
passing  over  them,  and  the  sinking  of  the  earth  from  defective  sewers, 
&c.  We  find  that  one  labourer  is  sufficient  to  make  good  all  repara- 
tions required  in  each  turncock's  district. 

42.  What  is  the  size  of  the  districts? — Each  turncock  has  to  supply 
about  3000  houses  and  large  consumers  daily  in  the  Southwark  and 
Vauxhall  district,  and  nearly  2000  houses  in  the  Grand  Junction  district ; 
the  size  depends  upon  whether  it  is  in  a  crowded  or  suburban  dis- 
trict. The  Southwark  and  Vauxhall  Company  employ  twelve 
turncocks,  and  the  Grand  Junction  eight,  each  turncock  being  allowed 
one  labourer.  They  are  paid,  according  to  their  class,  IS*,,  20*.,  and 
21*.  per  week.    There  is  a  great  expense  in  paving,  plumbing,  &c. 

43.  With  respect  to  the  laying  of  pipes,  are  you  able  to  distinguish 
any  difference  between  the  wear  and  tear  of  those  laid  in  the  front 
streets  as  compared  with  the  wear  and  tear  of  those  laid  in  the  back 
streets  ?— A  great  deal  will  depend  in  all  cases  upon  the  way  in  which 
the  pipes  are  laid ;  when  experienced  persons  have  been  employed  to 
carry  out  work  of  this  description,  little  or  no  repairs  are  required,  but 
if  the  pipes  have  been  badly  laid,  they  are  a  constant  source  of  trouble 
and  expense— they  would  be  less  hable  to  accident  by  being  laid  at  the 
hacks  of  houses. 

44.  Do  you  not  think  that  the  liability  to  accident  would  be  "reatly 
diminished  by  laying  the  pipes  close  to  the  houses  ?— Very  "much 
We  generally  lay  tliem,  where  practicable,  within  2  or  3  feet  of  the 
kerbstone. 

45.  Has  it  not  been  found  that  house-drainage  conducted  at  the 
backs  of  houses  is  more  efficient  and  can  be  kept  in  repair  at  two-thirds 
less  cost  than  when  carried  to  the  fronts?— Yes,  it  is  belter  where  conve- 
nient;  but  it  is  seldom  that  people  will  agree  to  have  pipes  or  drains  laid 
across  their  yards  or  gardens  for  the  accommodation  of  their  neio-h- 
bours;  and  generally  the  property  in  any  line  of  street  is  in  the  hands 
01  so  many  different  parties,  that  it  has  been  found  almost  impossible  to 
carry  out  any  works  of  this  description  on  a  large  scale. 

clnrl  ;        '       "^"'^     P"^^'''  regulation  ?-Then  people  would  be 
giaa  to  permit  it. 

nJnJ'  frequent  floodings  from  the  breakage  of  the  lead 

hav  L^''''"^,r^''''^'^rr--Y^^'«"^  they  would  be  avoided  by 
having  a  small  iron  pipe  laid  along  the  backs  of  the  houses.  ^ 

would  be  one-third  less  at.  the  back  of  the  houses  than  at  the  front  ?- 
tZe  orZ7u  ^  ^  '  '"""'^  property;  and  there  would  be  also  the  advan- 
exposure  to  f'o's?  ''''''         '^'''^'''^  '^'''^ 

demh  i72ltrn'y  ^'k  1^°'        '""^^      temperature  ?_The  usual 

cient  to  nrovenf  tw''.^'^°^        '^^""^^"^^ '  ^hat  is  found  to  be  suffi- 
ent  to  prevent  he  frost  getting  to  the  pipes. 

•^^.^You  may  be  aware  that  it  is  stated  to  be  important  to  get  the 
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water  delivered  at  a  low  temperature,  particularly  for  water-closets,  to 
check  decomposilion  ? — I  believe  it  is  so  stated,  and  I  should  think 
that  water  travelling  through  a  pipe  at  a  mean  depth  of  3  feet  (the 
average  depth  of  the  Water  Companies'  mains)  have  all  the  advantage 
of  being  kept  copl  in  summer,  and  are  sufficiently  protected  from  frost 
in  the  winter. 

51.  "You  say  upon  your  plan  you  would  have  a  cistern  for  the  con- 
stant supply  of  water  ;  are  you  not  aware  of  the  objection  to  water 
standing  in  cisterns  at  all  ? — Yes,  but  the  cisterns  I  have  proposed 
for  a  system  of  constant  supply  are  not  to  be  used  as  reservoirs  ; 
they  are  merely  intended  to  assist  the  general  high  service  by  preventing 
waste  at  low  levels,  and  to  act  as  safety  valves  to  the  lead  pipes,  which 
are  generally  manufactured  of  material  too  light  to  bear  the  pressure  of 
the  column  of  water  which  is  acting  on  the  leading  and  trunk  mains, 
and  they  are,  also,  generally  old  and  in  a  defective  state. 

52.  In  how  many  instances  do  you  find  the  ball-cocks  in  action 
where  cisterns  and  butts  are  in  use? — The  difficulty  is  in  finding  any, 
as  in  most  cases  the  ball  is  taken  off  the  cock  and  the  water  allowed  to 
run  down  the  waste-pipe  into  the  drain  or  cesspool,  saturating  the 
eround  and  increasing  the  dampness  of  the  neighbourhood. 

53.  Under  the  system  you  propose,  of  a  small  cistern  with  a  hood, 
there  would  be  comparatively  small  exposure  to  the  atmosphere  ? — 
Very  little  or  none.  The  action  of  the  atmosphere  would  be  very  small 
indeed. 

54.  You  have  observed,  doubtlessly,  water  in  rooms  to  be  in  a  very 
different  state  from  that  in  which  it  has  been  delivered  from  the  Water 
Company's  service  ? — Very  difi'erent,  where  exposed  for  any  length  of 
time  to  the  tainted  atmosphere  of  a  crowded  room,  or  stored  in  a  foul 
vessel.  But  I  have  not  observed  any  change  take  place  in  Thames 
water  that  has  been  properly  filtered,  and  kept  in  butts  or  cisterns  well 
situated.  The  water  taken  direct  from  the  main  is  very  pure,  and  quite 
fit  for  domestic  use. 

55.  The  water  has  been  aerated  in  a  comparatively  pure  district, 
compared  with  most  of  the  districts  to  which  it  is  supplied?— Cer- 
tainly ;  and  it  is  only  in  very  unfavourable  situations  that  the  water  is 
found  to  have  the  slightest  tendency  to  become  fetid. 

56.  Vitruvius  says,  that  earthen  pipes  were  used  by  the  Romans  at 
such  heights  as  100  feet ;  and  instances  have  been  adduced  of  Roman 
3-inch  pTpes  remaining  even  now  at  three  or  four  times  that  height? — 
I  have  no  doubt  of  it.  . 

57.  Have  you  laid  any  earthen  pipes  with  a  view  of  testing  their 
strength  ?— Yes  ;  and  although  the  trials  were  not  successful,  I  believe 
that  with  more  perfect  arrangements,  and  some  alterations  of  the  pipes, 
they  might  be  used  in  suburban  districts,  and  in  small  towns  where 
there  is  not  much  heavy  traffic  to  cause  vibration. 

58.  We  now  see  remains  of  considerable  cities,  and  a  system  of 
earthen  pipes  laid  down,  apparently  on  a  system  of  constant  supply? 
Yes  ;  with  cisterns  or  fountains. 

59.  Why  should  not  the  Roman  system  be  carried  out,  with  an  m- 
creased  purity  of  the  water?— There  is  only  one  objection:  if  the 
water  was  very  pure  it  would  act  on  the  present  lead  pipes;  if  it  were 
7,  8,  or  10  degrees  of  hardness,  it  would  not  act  on  the  lead. 
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60.  Have  you  seen  Mr.  Austin's  plan  for  the  removal  of  sewer  water;  Mr.  Quick, 
do  you  think  there  would  be  any  probable  obstructions  in  the  pumpino-  — 
of  such  water      None  whatever,  if  precautions  were  taken  to  prevent 
quantities  of  straw  or  other  floating  matter  accumulating  in  the  pump- 

wells.    I  believe  Mr.  Austin  provides  against  such  obstructions  by 
catch-gratings  and  other  suitable  arrangements. 

61.  Have  you  had  brought  under  your  notice  experiments  of  street- 
washing  by  jets.?— I  have.  I  was  present  at  experiments  at  Battersea 
regardirig  the  force  of  jets  of  different  forms  for  the  distribution  of  water. 

62.  Then  you  iiave  seen  the  i-eport  of  Mr.  Lovick  on  the  washing  of 
surfaces? — I  have. 

63.  In  respect  to  the  rapidity  of  application,  and  the  quantity  of  water 
used,  do  you  concur  in  the  result  of  the  experiments  stated Quite  so. 
With  a  powerful  jet,  no  doubt  more  work  could  be  got  over  than  with 
a  jet  at  a  low  pressure. 

64.  With  what  power  of  jet  would  you  work  then  ?— All  will  depend 
on  the  size  of  the  main,  and  the  number  of  jets  it  would  be  necessary 
to  have  open  at  one  time  to  get  through  the  work ;  the  fewer  the  iets 
and  the  shorter  the  hose  the  greater  will  be  the  power.  There  would 
be  great  difficulty  in  attaching  any  system  of  standpipes  for  street- 
watering  to  the  present  fire-plugs,  and  I  believe  it  would  be  found 
necessary  either  to  lay  down  a  separate  line  of  small  pipes  with  proper 
stop-cocks  and  outlets,  or  transverse  services  from  the  present  mams 
to  the  kerbstone  with  the  same  appliances. 

65.  Is  a  gallon  per  square  yard  a  large  average  for  washino-  ?— After 
the  first  and  second  application  I  should  think  it  was  * 

66.  Have  you  seen  the  form  of  plug  of  the  kind  called  Ghrime's  plu"-  "> 
—1  have  not  seen  any  plug  that  I  think  well  adapted  for  this  purpose  " 
It  ought  to  be  something  very  strong  and  simple— easily  repaLd,  and 
combmmg  m  itself  the  means  of  shutting  off  the  water  fVom  the  ma  n 
and  attachmg  the  hose-pipe  with  the  common  joining-screw. 

mio^ht  ^^y^^^hmk  that,  with  proper  arrangements,  these  cleansings 
might  be  performed  with  rapidity  by  means  of  the  jet,  and  with 
greater  comfort  than  by  any  process  of  sweeping  ?_No  doubt,  f  it 
could  be  done  at  convenient  hours,  and  so  as  not  t'o  interfere  with  he 
house-service  n  the  constant  supply,  too  n,any  plugs  ope 'ed  in'a 
ow  eve  would  draw  all  the  water  from  the  upper  levels  and  dlsti^b 
purposS  '     "  entire  district,  unless  separate  mains  were  laid  for  the 

68.  Does  it  consist  with  your  observation  that  Mr  Lovick's  e^ti 
mate  is  a  full  one?-I  think  it  is  beyond  an  ordinary  eslimalr^  '  ''''' 
1  ""^^'^  Philadelphia,  where  ihere  is  a  constant 

supply,  this  system  is  in  operation  at  a  time  when  the  .Prv^n^ 

: ri-^        f  T:^^^-^'  f  ^  -  ---^-d  that  there     ^  a'" 

The'^mearofwhl?  "'^^"V^'''^"^''^"^  ^"PP^y  ^°  ^he  demand  ?- 
as  to  keen  un  "     ^'"^^^       ^"g'"^s  fast  or  slow  so 

and  that  L  do  le  CtT  ? ^  ^^-^d^ipes^ 

IS  (lone  by  the  exigme-workers  observing  a  mercurial  gau-e 
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attached  to  the  trunk  mains  and  fixed  in  the  engine-house.  The  engine 
also  itself  strikes  a  bell,  which  instructs  the  men  either  to  increase  or 
diminish  the  speed,  and  this  arrangement  has  been  found  to  answer 
perfectly. 

71.  May  we  not  expect  great  advantage  from  a  constant  supply  of 
water,  and  the  ready  means  of  the  application  of  it  on  emergencies? — 
No  doubt  of  it,  for  half  the  large  fires  are  occasioned  by  tiie  imme- 
diate want  of  water  to  check  them  in  their  origin,  and  that  causes  them 
to  become  large  fires. 

72.  There  would  be  peculiar  advantages  in  large  candle  and  other 
factories? — Yes,  and  many  railway  stations  have  availed  themselves  of 
the  Company's  mains,  by  having  a  branch  with  joining  screws  taken  into 
their  premises,  so  that  a  hose-pipe  can  be  attached  and  the  water  turned 
on  immediately  upon  an  alarm  being  given. 

73.  Would  it  not  be  one  recommendation  of  street-washing  that  the 
hose  would  be  at  once  prepared  ready  for  immediate  use,  instead  of 
having  to  send  some  distance  for  engines  ? — It  would  be  important  in 
all  districts. 

74.  How  many  houses  has  each  turncock  ? — About  3000  ;  and  each 
one  has  a  labourer,  who  is  employed  in  assisting  and  seeing  to  where 
pipes  have  burst  or  repairs  are  required. 

75.  Mr.  Hawkesley  states,  that  one  man  with  a  boy  was'  able  to  keep 
the  Nottingham  water-works  district  in  order  ? — That  may  be  the  case 
in  a  small  district ;  we  find  that  it  takes  on  the  average  one  turncock 
and  one  labourer  to  every  3000  tenants  supphed.  This  number  of 
attendants  would  no  doubt  be  diminished  under  a  system  of  constant 
supply,  but  I  cannot  say  to  what  extent. 

76.  You  have  observed  the  sewer  water ;  what  was  the  state  of  the 
Thames  water  at  the  time  they  were  pulling  down  London  Bridge? — 
In  the  neighbourhood  of  their  operations  it  was  much  more  charged 
with  heavy  matter  than  ordinary  sewer  water  from  the  disturbance  of 
the  chalk  and  rubbish  which  had  been  placed  as  a  protection  to  the 
piers  of  the  old  bridge. 

77.  Do  you  feel  any  doubt  as  to  being  able  to  pump  sewer  water 
—  Not  if  large  or  solid  bodies  are  kept  out  of  it. 

78.  What  is  the  total  quantity  distributed  in  the  metropohs  daily?— 
ADout  50  milHon  gallons  daily;  the  minimum  quantity  may  be  47 
millions,  and  the  maximum  60  on  very  dry  days. 

79.  Is  that  a  filtered  supply  ?— There  are  but  3  of  the  London 
conpanies  that  give  a  filtered  supplj',  viz.,  the  Grand  Junction,  the 
Chelsea,  and  Southwark  and  Vauxhall. 

80.  At  the  rate  you  effect  filtration  it  would  not  be  worth  \vhile  (o 
convey  filtered  water  for  one  kind  of  service  and  unfiltered  for  another  ? 
—No ;  another  servjice  of  pipes  would  be  a  greater  expense  than  the 
whole  cost  of  filtering  the  entire  quantity.  ^ 

81.  Of  course,  filtered  water  is  less  obnoxious  to  accidental  cnuses : 
—I  believe  filtration  to  be  indispensable  to  all  waters;  as  a  general  rule, 
the  more  water  is  covered  and  kept  from  the  air  the  better  it  is. 

82  From  your  knowledge  of  other  districts  and  the  habits  of  the 
population,  have  you  any  reason  to  doubt  that  the  same  wants  felt  in 
your  district  are  experienced  in  others?— I  have  not.  _ 

83.  Have  you  anything  to  say  with  regard  to  the  increasing  pollution 
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of  well-water? — Several  wells  in  the  metropolis  have  lately  become  so  Mr.  Quid;, 
polluted  as  to  have  been  disused ;   and  in  every  situation  where 
the  population  has  been  rapidly  increasing-,  the  well-water  becomes  thus 
affected. 

84.  If  a  system  were  adopted  to  prevent  waste,  do  you  see  any 
grounds  for  supposing-  that  the  present  water-supply  would  be  in 
excess,  after  providing  for  street-cleansing,  washing  the  fronts  of  houses, 
the  use  of  baths,  and  other  sanitary  purposes? — I  have  no  doubt  that 
if  proper  means  were  adopted  to  prevent  waste,  a  quantity  of  water,  far 
more  than  sufficient,  is  at  present  supplied  by  the  companies,  for  every 
purpose. 

85.  Has  it  been  the  practice  of  your  Company  to  allow  parties  to  join 
onto  the  trunk-main? — The  trunk-mains  are  seldom  tapped,  except  for 
the  fire-service,  but  much  use  is  made  of  the  branch  mains. 

86.  Even  so  far  back  as  20  years,  were  not  persons  allowed  to  have 
water  direct  from  the  main  ?- — Yes,  hy  making  special  arrangements  as 
to  price  and  quantity. 

87.  What  additional  quantities  of  water  could  the  Grand  Junction  Com- 
pany and  the  Vauxhall  Water-works  Company  supply,  with  their  present 
"Works? — The  present  daily  supply  afforded  by  the  Grand  Junction 
Water  Company  during  the  past  year  has  averaged,  for  seven  days  in 
the  week,  3,544,716  gallons,  and  the  engines  which  pump  this  quantity, 
by  being  worked  their  full  time,  would  deliver  6,321,600  gallons.  The 
Company  have  also,  in  addition,  two  powerful  engines,  capable  of 
raising  6,566,400  gallons  to  an  elevation  of  150  feet,  or  68  feet  below 
the  top  of  the  stand-pipe.  By  a  reduction  of  the  pumps,  they  could 
be  rendered  capable  of  lifting  3,988,000  gallons  to  the  height  of  the 
stand-pipe.  The  gross  quantity  the  Company  could  then  deliver  at  an 
elevation  of  218  feet  (minus  the  friction  to  be  overcome  in  the  flow  of 
the  water  to  London)  vv^ould  be  10,309,600  gallons,  or  three  times  the 
present  supply.  The  present  loss  of  head  by  friction  would  appear  to 
'be  from  6  to  10  feet. 

The  Company  have  also  two  lifting-engines  capable  of  raising 
13,478,200  gallons  of  water  from  the  Thames  daily  to  their  depositing 
reservoirs  and  filtering-beds,  which  reservoirs  and  beds  are  capable  o^" 
nearly  twice  the  work  they  at  present  perform.  They  have  also  land 
sufficient  to  increase  their  filtering  reservoirs  to  any  necessary  extent. 

The  height  of  the  stand-pipe  being  218  feet,  and  the  trunk  main  30 
inches  in  internal  diameter,  the  above  quantity  of  water  could  be 
pumped  into  the  Compaiiy's  district,  in  which  the  mains  and  services 
would  be  sufficient  for  its  distribution. 

The  quantity  of  water  supplied  daily  by  the  Southwark  and  Vaux- 
hall Water  Company  during  the  past  year,  (seven  days  in  the  week,) 
has  averaged  6.011,225  gallons.  The  same  engines  which  pump  this 
quantity,  if  worked  to  their  full  power  and  time,  would  deliver  8,000,000 
gallons.  The  Company  have  also  a  spare  engine,  which,  by  reduction 
of  the  pump,  could  be  made  to  lift  1,200,000  gallons  daily,  makino-  u 
gross  quantity  of  9,200,000,  or  50  per  cent,  above  the  present  supjly. 
ihe  Company  have  provided  room  in  their  engine-house  for  an  addi- 
tional engine,  capable  of  lifting  9.400,000  gallons  to  the  top  of  the 
stand-pipes,  and  they  would  then  have  the  power  of  giving  a  supply 
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Mr.^iuick.  three  times  greater  than  their  present.  The  Company  possess  reservoirs 
of  deposit  and  filtration  quite  equal  to  the  f^roKs  quantity  that  could  be 
pumped,  and  tliey  have  also  spare  land  for  additional  filter-beds.  They 
have,  by  a  4-feet  culvert-pipe  and  a  lifting-engine,  tlie  means  of  taking 
the  whole  of  the  water  they  at  present  use  Irom  the  fallini?  tide,  after 
the  London  drainage  has  passed  down  the  river,  and  any  further  quan- 
tity that  might  be  required  by  the  addition  of  another  engine  of  the 
same  description,  the  culvert  being  amply  sufficient. 

The  height  of  the  stand-pipes  being  180  feet  above  Trinity  high-v.-ater 
mark,  their  trunk  mains  of  20  and  21  inches  diameter  are  quite  equal 
to  convey  a  double  quantity  of  water,  if  required. 

It  will  be  understood  that  the  quantities  given  above  are  the  whole 
duty  the  engines  would  be  capable  of  performing  in  actual  working; 
allowance  must  be  made  for  the  time  required  for  cleaning-  and  occa- 
sional repairs,  and  also  for  the  reserve  necessary  against  the  contingency 
of  accident. 

88.  What  proximately  might  be  the  expense  if  the  supplies  for  the 
Grand  Junction  district,  or  the  Southwark  and  Vauxhall  district,  were 
taken,  say  from  near  Thames  Ditton  ? — With  a  view  to  afford  a  reply  to 
this  question,  I  have  carefully  examined  the  banks  of  the  river  between 
Thames  Ditton  and  Kew  Bridge,  for  the  purpose  of  selecting  a  site  for 
a  pumping  establishment  that  should  be  altogether  beyond  the  influence 
of  the  London  drainage,  and  where  the  water  would  be  of  the  same 
quality  as  that  j^assing  at  Thames  Ditton. 

The  most  suitable  place  for  forming  a  work  of  this  description  I 
believe  would  be  the  Ait,  or  small  island,  opposite  Twickenham,  beim; 
situated  within  a  mile  and  a  quarter  of  Teddington  Lock,  and  nearly  five 
miles  above  Kew  Bridge. 

The  accompanying  plan  will  best  show  the  position  of  the  engine- 
house  on  the  island,  and  the  mains  (coloured  red)  leading  to  the  Grand 
Junction  Works  at  Kew  Bridge,  and  the  Southwark  and  Vauxhall 
Works  at  Battersea  Fields.  Also  the  additional  mains  (coloured  blue) 
that  would  be  required  to  supply  the  West  Middlesex  and  Chelsea 
districts  from  the  Kew  Works  and  Camden-hill  reservoirs,  and  the 
Lambeth  Company's  district  from  the  Battersea  Works  and  the  Brixton- 
hill  reservoirs. 

To  efi'ect  these  objects  it  would  be  necessary  to  enlarge  the  Kew 
Bridge  Works,  and  make  some  additions  to  the  Battersea  Works. 

The  following  estimates,  numbered  1,  2,  and  3,  embrace  the  whole 
3ums  that  would  be  required  to  form  the  pumping  establishment  at 
Twickenham  :  also  to  lay  the  mains  to  supply  the  two  works  of  distribu- 
tion at  Kew  Bridge  and  Battersea ;  the  enlarging  of  the  Kew  Bridge 
Works  and  additions  to  the  Battersea  Works  ;  and  tlie  laying  of  the 
mains  for  connecting  the  West  Middlesex  and  Chelsea  districts  to 
the  Kew  Bridge  Works,  and  the  Lambeth  district  to  the  Battersea 
Works. 

Estimate  No.  L — Pumping  Estahlishme7it  at  Ttvickcnham. 

Engines,  &c. ;  engine-house,  ground,  &c. ;  cul-  £ 
verts,  &c.,  under  the  bed  of  the  river  to  connect 
mains   50,000 
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Brought  forward  ! 
Estimate  No.  2.— -Enlarging  of  the  Kew  Works. 
(These  estimates  are  made  in  reference  to  the 
present  quantity  supplied.)  Additional  engines, 
engine  and  boiler  houses,  land,  filter-beds,  and 
reservoirs,  sundry  connections,  &c. 
Additions  to  the  Battersea  Works. 
Additional  engine,  filter-bed,  &c.  . 

Estimate  No.  3.—3Iains  from  Twickenham  to  the 
Works  of  Distribution  at  Keio  cmd  Battersea. 

Twickenham  to  the  Kew  Works,  6600  yards 
of  36-inch  main  ;  ditto  to  Battersea  Works, 
n,600  yards  30-inch ;  Kew  Works  to  the 
junction  with  the  West  Middlesex  main,  4850 
yards  of  30-inch;  from  Camden  Hill  to  the 
junction  with  the  24-inch  main  passing  through 
Hyde-park,  from  the  Uxbridge  to  the  Knights- 
bridge  roads,  and  to  the  Chelsea  Company's 
mains,  3500  yards  30-inch  main  . 

From  the  Battersea  Works  to  the  Brixton-hill 
reservoirs,  and  connected  to  the  Lambeth  Com- 
pany's mains,  4400  yards  24-inch  main. 

291,550 

By  land  and  old  works     .       .       .  100,000 

£191,550 


89.  In  the  distribution  of  water  do  you  find  often  the  practical  results 
correspond  with  the  doctrines  in  hydraulics  deduced  from  mathematical 
formulae,  or  from  experiments  on  a  small  scale  ? — As  far  as  my  expe- 
rience has  gone,  I  have  never  tested  the  difference  between  the  theoretical 
and  practical  flow  of  water  through  pipes.  In  arranging  new  works  of 
supply  I  would  rather  be  guided  by  my  own  observations  and  what  I 
know  to  be  the  general  practice  of  the  most  experienced  engineers,  than, 
by  any  mathematical  formulie,  as,  from  all  the  recorded  experiments  on 
the  subject,  the  theoretical  and  practical  results  seem  to  differ  so  ma- 
terially. 

90.  Will  you  give  practical  illustrations  of  the  discrepancies  between 
the  mathematical  hydraulics  and  actual  experience  ? — Not  having  made 
any  experiments,  I  cannot. 

91.  What  additional  heads  of  water  did  the  current  hypothesis  sug- 
gest, and  what  did  practice  prove  to  be  sufficient  for  sending  a  double 
quantity  of  water  through  mains  of  the  same  diameter? — The  current 
hypothesis  would  suggest  a  much  greater  altitude  for  producing  an 
increased  flow  through  the  same  pipes  than  1  believe  would  be  found 
necessary  in  practice. 

92.  It  appears  to  be  the  common  practice  in  laying  down  pipe  water- 
supplies  to  lay  down  tapering  mains,  trunk  mains,  as  well  as  branches. 


£. 

50,000 


Mr.  Quick: 


95,000 

25,000 


121,550 
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Mr._Quick.  Must  not  those  systems  lead  to  inequalities  of  pressure  and  deliveries  ?— 
Ihe  trunk  and  branch  mains  for  supplying  a  district  are  generally 
arranged  to  convey  as  much  water  as  possible  to  central  situations,  and 
are  then  gradually  reduced  in  size  as  they  approach  its  limits.  This 
arrangernent  produces  slight  inequalities  of  pressure  and  deliveries, 
but  the  inconvenience  is  more  than  counterbalanced  by  the  saving  of 

93.  Have  any  illustrations  of  this  general  fact  come  practically  under 
your  observation  Only  in  this  way,  that,  when  great  additions  have 
been  made  to  particular  portions  of  the  out  districts  of  a  water  company. 
It  has  been  found  necessary  either  to  increase  the  size  of  the  pipes,  or  to 
lay  a  small  independent  main  to  assist  them. 

94.  Will  you  describe  them  ?— The  pipes  are  made  to  bear  a  much 
greater  pressure  than  they  are  ever  subjected  to,  as  it  is  necessary  to 
provide  against  any  sudden  recoils  that  may  take  place  in  the  opening 
and  shutting  of  the  mains,  or  from  other  causes. 

95.  It  appears,  then,  that  from  your  experience  the  chief  limitations 
to  the  power  of  sending  double  or  increased  quantities  of  water  through 
the  existing  mains  would  be  the  power  of  the  mains  themselves  to  bear 
the  increased  head  of  water  1 — I  believe  that  to  be  the  only  limit. 

Then  you  believe  that  you  are  sufficiently  aware  of  the  strength 
of  iron  mains  to  know  closely  the  limits  of  safe  pressure  — I  do  ;  but  I 
beg  to  observe  that  the  pressure  of  the  water  is  not  the  only  thing  to  be 
considered  in  estimating  the  strength  of  iron  mains.  Much  depends  on 
the  regularity  of  thickness  in  the  castings,  and  whether  the  ground  in 
which  they  are  laid  is  solid  or  liable  to  sink. 

97.  Does  not  the  breakage  of  cast-iron  pipes  form  one  heavy  item  of 
the  company's  expenses  ? — The  breakage  of  mains,  when  properly  laid, 
is  not  a  heavy  item  of  expense  ;  the  principal  outlay  for  street  repairs  is 
occasioned  by  the  sinking  of  the  ground,  and  the  vibration  caused  by 
heavy  loads  passing  over  the  pavements,  shaking  the  joints  of  the  small 
pipes,  and  loosening  the  ferrules  of  the  house-service  pipes. 

98.  To  what  may  it  have  amounted  per  cent,  on  the  pipes  laid  down  ? 
— The  amount  has  been  so  indefinite  that  no  separate  account  has  been 
taken  of  it. 

99.  It  appears  that  the  Grand  Junction  Company's  works  comprise 
the  largest  cast-iron  main  (30  inches)  laid  down  in  the  metropolis  ? — 
Yes,  for  any  great  length. 

100.  Have  you  any  doubt  that  when  properly  protected  by  air-vessels 
they  will  act  as  pipes  of  an  inferior  description,  as  appears  from  the 
remains,  were  made  to  act  by  the  Eomans  in  the  extensive  distribution 
of  water  ? — I  believe  that  air-vessels  placed  at  intervals  (particularly  on  the 
summit-levels)  would  be  a  great  protection  to  every  description  of 
main. 

101.  Are  there  any  means  of  ascertaining  what  numbers  of  large  wells 
are  used  within  your  district  ? — Only  by  special  survey. 

102.  What  trades  or  manufacturers  usually  use  steam-engines  or 
large  machine  power? — Brewers,  distillers,  millers,  tanners,  hatters, 
engineers,  dyers,  railways,  saw-miils,  gas-works,  potters,  printers,  &c. 

103.  What  manufacturers  are  there  who  use  extra  quantities  of 
water  ? — Brewers,  distillers,  tanners,  fellmongers,  hair-washers,  hatters, 
dyers,  gas-works,  potters,  printers,  chemists,  &c. 
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104.  Will  you  look  at  the  trades  directory  and  see  what  numbers  of  N?r.  Quick, 
them  are  indicated,  and  what  proportion  of  them  are  situated  within 

vour  district  ?— The  Southwark  Company  supply  upwards  of  600  large 
"and  small  manufacturers,  and  works  that  use  extia  quantities  of  water, 
many  of  whom  have  Artesian  and  deep  wells  on  their  premises,  but 
prefer  the  river  water  for  parts  of  their  business  ;  but  it  would  require  a 
special  survey  to  ascertain  the  correct  number. 

105.  Might  not  that  main  be  broken  for  want  of  precaution? — There 
are  several  ways  in  which  this  may  be  done,  either  by  opening  or  shut- 
ting a  stop-cock  suddenly,  or,  when  under  pressure,  striking  a  sharp 
blow  on  the  external  surface.  ; 

106.  It  appears  then  that  the  greatest  loss  and  the  greatest  danger 
to  which  the  main  and  water  pipes  are  exposed  is  from  hydraulic  jerks; 
now,  on  the  constant  system  of  supply,  will  not  these  be  diminished  ? — 
The  mains  will  be  liable,  in  a  certain  degree,  to  the  same  hydraulic 
recoils  in  the  two  systems  of  supply,  as  it  will  be  necessary  to  'empty 
and  charge  them  after  repairs  and  alterations. 

107.  You  are  aware  that  earthenware  pipes  have  been  made  which 
have  only  broken  under  pressures  of  upwards  of  1500  feet,  or  more 
than  40  atmospheres? — I  have  been  informed  that  such  is  the  case. 

108.  What  is  the  point  of  pressure  at  which  you  test  cast-iron  pipes? 
— The  large  trunk  mains  are  usually  proved  by  hydraulic  pressure  to  a 
column  of  water  600  feet  in  altitude,  and  the  smaller  pipes  to  300  and 
400  feet. 

109.  Being  more  frangible,  it  may  be  expected  that  earthenware 
pipes  will,  no'"withstanding  their  strength  under  steady  pressure,  be  more 
exposed  to  hydraulic  jerks  ? — I  have  no  doubt  this  would  be  the  case, 
from  the  difference  in  the  cohesion  of  the  particles  of  which  the  mate- 
rials are  composed;  and  perhaps  cast  iron  would  be  assisted  by  the 
lead  ring  which  forms  the  joint,  and  admits  of  a  small  amount  of  con- 
traction or  expansion. 

1 1 0.  Have  you  observed  water  in  motion  and  conveying  matter  in 
suspension,  and  the  same  water  interrupted  in  its  flow  so  as  to  allow  a 
partial  settling? — I  have;  and  found  that  a  small  current  of  water 
would  keep  a  large  quantity  of  heavy  matter  in  motion  ;  but  if  any  inter- 
ruption took  place  in  the  flow,  and  settling  commenced,  it  required  a 
considerable  amount  of  labour,  or  an  immense  quantity  of  water,  to  set 
the  deposit  again  in  motion. 

111.  Have  you  observed  what  extra  quantity  of  water  it  would  take 
to  move  deposit  after  it  has  once  become  settled? — Much  will  depend 
on  the  nature  of  the  deposit ;  if  it  is  of  a  light,  loose  consistency,  the 
same  flow  of  water  would  remove  it  in  a  longer  time;  but  if  the  debris 
from  the  roads  is  once  allowed  to  become  indurated  in  the  drains,  I  do 
not  think  any  amount  of  water,  unless  under  immense  pressure,  would 
remove  it. 

112.  Do  you  agree  in  the  evidence  of  Mr.  Lovick  and  Mr.  Grant, 
as  to  the  additional  quantities  of  water  that  would  be  required  to  raise 
and  remove  deposit  on  an  intermittent  system  of  drainage,  such  as  pre- 
vails on  the  Surrey  side  of  the  river,  as  contrasted  with  a  constant  flow 
produced  by  pumping  or  other  means? — I  perfectly  agree  with  Mr. 
Lovick  and  Mr.  Grant  that  great  additional  quantities  of  water  would 
be  required  to  remove  the  deposit  consequent  upon  any  intermittent 
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Mr^ick.  •  system  of  drainage,  and  I  believe  it  would  be  found  a  greater  economy, 
in  situations  like  the  Surrey  side  of  the  river,  lo  receive  the  sewage  in 
tanks  or  .sumps,  to  be  pumped  into  hiijher  levels,  than  to  pump  the 
extra  quantity  of  water  that  would  be  retpiired  for  flushing  after  each 
deposit  had  taken  place. 


W.  C.  Myhie,  Esq.,  examined. 

*^'"-J^>'"«'     1-  You  are,  I  believe,  engineer  to  the  New  River  Company  ? — I  have 
been  their  engineer  for  about  40  years. 

2.  The  Commissioners  are  desirous  of  knowing-  what  is  the  quantity 
of  water  you  have  pumped  iu  your  district  during  the  last  12 
months? — The  amount  of  water  pumped  in  and  supplied  in  the  New 
River  district  during  the  last  year  (1849)  has  been  estimated  at  about 
2,109,339,311  g^allons. 

3.  What  was  the  quantity  delivered  per  tenement? — The  quantity 
delivered  into  London  during  the  year  1849,  when  divided  by  the 
number  of  tenants,  will  average  about  200  gallons  each  per  day.  I 
believe  that  is  rather  below  the  average  given  in  the  last  return  to 
Parliament.  The  sources  from  which  the  Company  took  their  supply 
during  the  summer  of  1849,  were  the  Chadwell  spring,  which  is  cal- 
culated to  give  500  cubic  feet  a  minute  j  a  supply  branch  from  the 
river  Lea,  which  is  limited  by  an  Act  of  Parliament  to  1,340  cubic  feet 
a  minute;  the  well  at  Amvvell  End,  from  which  we  draw  1.50  cubic 
feet  a  minute;  another  at  Amwell-hill,  supplying  the  same  quantity; 
a  well  at  Cheshunt,  yielding  60  cubic  feet  a  minute;  and  another  at 
Tottenham  Court-road,  giving  70  cubic  feet  a  minute.  These  are  the 
whole  of  our  sources,  excepting  some  small  springs  taken  into  the  river 
in  its  course,  and  the  water-shed  of  small  districts  collected  at  Ches- 
hunt into  reservoirs,  and  occasionally  taken  into  the  river.  The  town 
would  have  taken  more  than  the  above  last  summer  if  the  Company 
could  have  distributed  a  larger  supply.  In  June  last,  in  consequence 
of  the  great  dread  from  the  presence  of  cholera,  we  found  great  diffi- 
culty in  meeting  the  demands  of  the  public  for  water,  and  I  pointed 
out  to  the  authorities  at  the  Mansion  House  the  circumstance  that  the 
Lord  Mayor  of  London  in  1832,  when  the  cholera  raged,  applied  to 
the  trustees  of  the  Lea  for  more  water,  and  an  unlimited  quantity  was 
then  atforded.  In  consequence,  a  similar  application  was  made  to  the 
trustees  in  1849,  and  a  limited  quantity  was  granted,  but  at  the  end  of 
a  month  it  was  withdrawn,  which  caused  much  dissatisfaction  in  the 
City. 

4.  Do  you  think  that  the  Company  would  have  any  objection  to 
allow  the  capacity  of  their  works,  and  the  average  amount  of  flow  of 
water  therefrom,  to  be  verified?  — I  should  think  the  Company  would 
have  no  objection  whatever  to  the  quantity  being  verified. 

5.  Have  you  had  occasion  to  examine  the  actual  consumption  of 
water  in  houses  of  different  classes? — I  have.  (See  the  annexed  Table, 
p.  43,  which  shows  the  result  of  that  examination.) 


Gonsumj)tion  in  Houses  of  different  Classes. 


of  the  Consumption  of  W  ater  in  the  Houses  of  the  Poor  and  those  of  the 
better  Classes,  as  also  the  customary  Charj^es  for  the  same. 


Description  of  House. 

Average 
Number  of 
Inmates, 
per  Koom. 

Average 
Consump- 
tion, 
per  Day 
per  In- 
mate, in 
Gallons. 

Average 
Quantity 
consumed, 

per  Day 
per  Room. 

Charge, 
per  Koom 

per 
Annum. 

Price  per 
Head  per 
Annum, 
to  which 

theAnnual 
Charge  is 

equivalent. 

1st  CIas.5,  having  from  IS  to  20 

rooms,  with  proper  cistcrnage 
2nd  Class,  houses  of  the  middle 

class  ditto. 
3rd  Class,  houses  of  the  poor, 

having  receptacles  for  water. 
4th  Class, courts  and  alleys,  witli 

common  cocks,  supplied  once 

a-day. 

0'658 

1-  005 
2*04 

2-  SO 

12'S7 
7-41 
3  65 
5-11 

8'47 
7-45 
7-43 

14-63 

6  ■ 
5- 

3-5 

3 

4-97 
1-71 
1-04 

under  50  feet. 
Pligh  service,  under 

13  feet. 
Low  service  only. 

Low  service  only. 

N.B.— The  preceding  averages  are  taken  from  552  houses,  containing  4,319  persons. 
Consumption  in  the  Dwellings  of  the  Poor  under  Improved  Manasjement. 

In  tlie  Model  Lodging-houses 
and  Workhouses. 

Consump- 
tion, 
per  Day 
per  Head, 
in  Gallons. 

Number 

of 
Persons 
supplied. 

Capacity 
of 

Cisternage 
per  Head. 

Charge, 
per  Head 

per 
Annum. 

Charge, 
per  Family 
per 
Annum, 
taken  at 
5-i  Persons. 

George-street,  St.  Giles  . 
Model  Buildini;s,  St.  Panc.ras-roat 
In  Holborn  Union  Worxhouse. 
St.  Martin's  Workhou.se. 
Clerkenwell  Workhouse 

6-5 
6-12 

5  0 

3-68 

3-1 

104 
673 
698 
601 
433 

H'13 

7-40 
9-15 
6-31 
5'39 

1-67 
1-57 
1-26 
1-26 
0*92 

9-075 
8-63S 
6-930 
6-930 
4-972 

N.B. — The  preceding  averages  are  taken  from  supplies  to  3,458  persons.  In  each  case  the  cisternage  (or  quan- 
tity which  may  at  any  time  be  used)  much  exceeds  the  supposed  ordinary  consumption.  If  the  model  buildings 
in  St.  Pancras-road  be  taken  as  an  example  of  what  may  generally  be  the  number  of  inmates  in  improved  dwell- 
ings for  the  poor,  1  ■  84  w  ill  be  tlie  number  of  persons  in  each  loom,  and  11  "26  gallons  the  consumption  per  room 
per  diem. 


6.  From  your  experience  have  you  had  the  opportunity  of  observing 
tliat  4-inch  tubular  drains  keep  themselves  clean  without  an  extra 
supply  of  water,  and  that  6  or  9-inch  branch  sewers  also  keep  them- 
selves clean? — Yes,  I  am  of  that  opinion,  if  they  have  a  proper 
inclination. 

7.  Have  you  considered  the  advantage  of  the  house-service  pipes 
being  carried  at  the  back  instead  of  the  front  of  the  houses? — ^To 
obtain  a  water  supply  to  the  house-service  pipes  from  the  backs  instead 
of  the  fronts  of  the  houses,  the  iron  service-pipes  should  go  through 
the  back  gardens  of  the  houses. 

8.  Would  it  not  save  the  expense  of  the  length  of  service-pipes 
through  the  front  premises  from  the  centre  of  the  street,  to  get  them 
to  the  place  where  the  water  is  used  at  the  back,  and  thus  save  two- 
thirds  of  the  length  of  service-pipes  ?  — In  wide  streets,  where  there  are 
iron  serviije-pipes  on  each  side,  there  would  certainly  be  a  saving  by 
the  depth  of  the  house  in  tlie  length  of  the  leaden  pipes  used,  and  no 
greater  extent  of  iron  required.  In  narrow  streets,  where  only  one 
line  of  pipes  is  placed  in  the  centre,  tliere  would  be  a  greater  length 
of  leaden  pipes  saved,  but  the  extent  of  iron  pipe  in  u.se  would  be 
doubled. 


Advantages  of  constant  System  of  Supply. 


9.  What  towns  have  you  visited  where  there  is  a  constant  supply  ? 
— Ashton,  Duckinfield,  Leeds,  Nottingham,  Glasgow,  Edinburgh. 

10.  Do  you  think  that  the  Ashton  works  are,  on  the  whole,  a 
fair  set  of  works?— Yes,  they  are  very  well  managed. 

11.  Do  you  not  consider  a  pail  of  water  as  containing  about  two 
gallons?— A  pail  of  water  contains  in  general  about  three  gallons. 

12.  It  is  stated,  that  at  Preston,  where  there  is  a  constant  supply, 
the  actual  consumption  of  water  is  about  the  same  as  you  state  in  the 
metropolis,  namely,  about  55  gallons  ?— Having  only  passed  through 
Preston  in  my  way  to  other  towns,  without  the  opportunity  of  exa- 
mining the  works  there,  I  have  no  means  of  answering  this  question. 

13.  What  is  your  opinion  with  regard  to  the  advantages  of  the 
constant  system  of  water  supply?— I  think  that  where  a  domestic 
supply  is  required  for  a  moral  and  well-conducted  population,  the  con- 
stant system  of  supply  is,  under  certain  provisions,  the  most  efficient, 
and  in  annual  cost,  I  conceive,  the  cheapest.    This  opinion  is  given 
independent  of  sanitary  requirements,  with  the  extent  of  which  we  are 
at  present  but  little  acquainted.    To  work  such  an  establishment  well, 
it  should  be  originally  constructed^for  this  system  of  supply,  and  the 
pipes  should  be  laid  deep  in  the  ground  to  avoid  the  effects  of  frost. 
In  expressing  this  opinion  on  the  constant  supply,  I  do  not  support  the 
abandonment  of  the  cisterns  and  tanks  in  respectable  dwellings ;  one 
or  more  in  every  large  house  is  essential  for  closet  purposes,  for  steam 
apparatus,  and  to  meet  cases  of  unavoidable  interruption  of  supply 
during  repairs,    A  large  tank  in  every  cluster  of  houses  occupied  by 
the  poor  is  also  equally  necessary,  from  which  each  house  should  be 
supplied.    By  these  means  the  extreme  pressure  upon  the  taps  in 
domestic  use  is  reduced,  and  much  wear  and  tear  avoided.    By  thus 
retaining  the  use  of  tanks  (either  in  slate  or  iron)  there  is  the  advan- 
tage of  employing  less  capital  in  pipes,  as  they  may  then  be  employed 
in  discharging  the  supplies  for  a  more  considerable  portion  of  the  24 
hours,  and  be  able  to  extend  without  inconvenience  to  the  consumer 
(what  I  have  observed  to  be  practised  under  the  constant  supply 
system)  the  wiredrawing  the  supplies  to  wasteful  districts,  and  those 
of  very  low  level,  for  the  purpose  of  securing  a  more  full  discharge  to 
other  portions  of  the  town  at  higher  elevations.    The  more  modern 
the  town  requiring  to  be  supplied,  the  better  adapted  to  this  system  of 
constant  supply,  for  under  such  circumstances  the  large  and  respect- 
able inhabited  houses  are  found  in  one  neighbourhood,  and  the 
labouring  classes  in  another,  and  not  intermixed,  as  in  old  towns. 
Among  the  very  poor  I  disapprove  much  of  the  use  of  butts ;  the 
occupants  too  often  dip  with  unclean  vessels  into  them,  and  thus 
injure  the  quality  of  the  water.    As  to  stand-cocks  in  the  public  courts, 
they  are  well  known  to  be  particularly  inconvenient,  as  well  as  a 
public  nuisance.    If  the  Water  Companies  were  to  erect  large  tanks 
(at  a  small  additional  charge),  and  take  the  control  of  them,  from 
which  each  house  should  have  a  pipe,  the  constant  means  of  obtaining 
water  within  the  premises  would  be  afforded  in  these  miserable  locali- 
ties, which  exist,  in  a  greater  or  less  degree,  in  every  town  in  the 
kingdom. 

In  the  application  of  the  intermittent  supply  to  long  existing 
towns,  where  there  is  that  intermixture  of  classes  referred  to  above, 
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where  all  kinds  of  trades  are  on  the  increase  and  in  fall  work,  and 
manufacturers  are  removing  their  establishments  from  place  to  place, 
with  districts  crowded  with  inhabitants,  without  regular  employment, 
and  snatchina-  a  scanty  subsistence  by  their  wits,  as  occasion  may  afford, 
there  exists  many  advantages  in  the  intermittent  over  the  constant 
system  of  supply.  Upon  this  subject  I  have  already  expressed  my 
opinion  in  a  letter  to  Her  Majesty's  Commissioners  of  Sewers  for  the 
City  of  London,  which  I  now  subjoin. 

At  a  Meeting  of  the  Commissioners  of  Sewers  of  the  City  of 
London,  held,  pursuant  to  adjournment,  on  Tuesday,  the 
27th  day  of  March,  1849, 

W.  A.  Peacock,  Esq.,  Deputy,  in  the  Chair. 
The  clerk  lays  before  the  Court  the  following  letters,  which  are 
severally  read : — 

Dbab  Sib,  .  i?wer  Head,  March  23,  1849. 

In  reply  to  your  letter  of  the  3rd  instant,  requesting  to  be  favoured  with 
my  opinion,  for  the  information  of  the  Commissioners  of  Sewers  of  the  City  of 
London,  as  to  whether  any  really  important  difficulties  exist  to  prevent  a  con- 
stant and  general  supply  of  water  by  the  New  River  Company,  and  also  M'hat 
in  my  judgment  would  be  likely  to  be  the  effect,  in  a  sanitary  point  of  view,  of 
such  a  supply,  I  beg  to  state,  that  having  made  various  experiments  with  a  view 
to  ascertain  the  practicability  of  carrying  out  such  a  system  in  London,  I  feel 
satisfied,  from  the  existing  internal  arrangements  of  the  distributary  leaden 
pipes  and  cocks,  which  are  all  private  property,  from  the  great  number  of  open 
pipes,  from  tba  neglect  of  not  having  ball-cocks  thereon,  and  from  the  impos- 
sibility which  would,  under  a  constant  supply,  exist,  of  complying  with  the 
occasional  demand  of  the  public  for  temporary  large  supplies,  it  is  quite  impos- 
sible for  the  New  River  Company  to  afford  a  constant  and  general  supply  to 
the  district  where  their  pipes  are  laid,  and  fulfil  their  present  engagements  with 
the  public. 

As  I  have  given  the  subject  of  coi«tant  supply  much  consideration,  and  as  I 
have  visited  most  of  the  large  manufacturing  towns  where  it  has  been  intro- 
duced, I  trust  I  may  be  excused  for  making  some  remarks  on  the  difficulty 
attending  such  a  system,  in  connexion  with  the  existing  engagements  of  the 
Company,  and  upon  the  very  doubtful  advantage  its  introduction  would  confer 
on  the  inhabitants  of  the  metropolis  of  England,  where  so  little  restraint  exists 
in  the  expenditure  of  capital  upon  the  internal  domestic  arrangement  for  the 
consumption  of  water  within  their  dwellings. 

By  the  accompanying  section  of  the  town  through  the  lines  of  the  leading 
mains  of  the  New  River  Company,  it  will  be  seen  that  the  demand  for  M'ater 
to  tanks  in  the  upper  stories  of  the  houses  has  become  so  general,  that  the 
original  level  of  the  reservoirs  at  the  New  River  Head  is  quite  inadequate  for 
affording  the  high  supply  now  required  by  the  tenants. 

It  also  gives  some  idea  of  the  nature  of  the  demand  required  in  the  various 
portions  of  the  City  and  its  suburbs. 

Now  the  use  of  water  from  these  tanks,  as  also  from  all  the  other  cisterns,  is 
intermittent ;  it  is  more  particularly  in  demand  during  the  earlier  hours  of  each 
working  day ;  the  last  day  in  the  week  demands  the  largest  supply  for  do- 
mestic purposes,  and  during  the  heat  of  summer  the  demand  very  materially 
increases. 

Supposing,  therefore,  that  new  reservoirs  are  to  be  obtained  at  a  sufficient 
elevation,  and  within  a  reasonable  distance,  to  ensure  at  all  times  a  supply  to 
these  tanks,  the  increase  in  the  dimensions  of  the  pipes,  to  afford  a  constant  and 
regular  supply  to  all  these  tenants,  would  be  so  great  that  the  most  moderate 


-16  Mr.  Mylne's  Letter  to  Commissioners  of  Sewers. 

lr"S  or,?.      ""^f-"^  P'P^^  ^'"1  '•^^•^"'^"•^  would  far  exceed  the 

uitc, es  on  the  capital  invested  in  cisterns  for  ordinary  supplies. 

TiroXlod  '"'t  1  '"PP^'  ^^■''^'•^  ^  P«'-t'""      the  tenants  are 

K  1  i  P'-^P'^V""'^'     "''^^'"'^      wat'^'-.  the  i)ublic  liave  ample  meais 

Water  wSc^fr  u""^^  application  of  the  machin  ry  of  So 

the  c  cum^^^^^^^^^^^  '"PP'^     distributed,  under  such  a  pressure  as 

p  pes  anrt  ie  ^^^^^^^^^^^      "T.  "''^^  'T'"'?-'  ^"'^^^'^  through  the  iron 

ucT^s  fires  \r         T  T"^^'       'y^^''"''      P'-^ssing  circumstances, 

TconiLnt  suppS;: "  -'^^ 

nrtH,'''"]  ^""I^?  nianufacturing  towns  the  houses  are  generally  freeholds 

tm-bed  b'Hn'r''.^  on^ronn^  feud  out  to  individuals  who  canLt  be  S 
^.  o.        11  nearly  all  is  leasehold  property,  and  where  krge  traders 

are  continually  removing  from  one  part  of  the  town  to  another,  thfir  newlv 
created  positions  are  immediately  satisfied  through  the  medium  o  ™re 

nary  S  fixedTaT'^  *°  ^"'^  '  -^er^an  S 

.r.t^^'\^T'-J  "ecessary  intermittent  supplies  are  required  during  the 

ZZTf  '  f'"'"*'  machinery,  in  the  supply  from  wells,  as  alsofrom 

incieased  demand  to  extinguish  fires,  where  extremely  combustible  materials 
may  have  been  collected  and  thus  a  far  more  extensive  supply  can  be  given  at 
high  elevations  than  could  be  afforded  under  the  constant  supply  system 

1  must  further  state,  that  means  exist  between  the  Water  Companies  of 
assisting  each  other,  through  communications  made  between  their  works  and 
tnat  during  the  last  season  an  application  having  been  made  to  the  New  River 
<^ompany  tor  immediate  assistance,  an  arrangement  was  entered  into  and  in  a 
very  short  time  the  supply  of  1,000  houses  was  commenced  and  has  been  con- 
tmued  for  some  time  through  pipes  only  capable  of  affording  such  an  accommo- 
dation under  the  present  system  of  supply. 

_  Now,_to  continue  all  these  advantages  to  the  present  tenants  that  are  pro- 
vided with  proper  pipes  and  cisterns  for  receiving  an  ample  supply  of  water 
and  to  secure  the  same  to  all  the  poorer  inhabitants  that  may  be  residing  in 
liouses  that  are  not  provided  with  the  necessary  means  for  storing  water  all 
that  is  required,  and  which  I  cannot  too  strongly  recommend,  is,  that  tanks 
should  be  enforced  upon  the  landlords,  and  also  in  all  the  courts  where  common 
cocks  exist  or  may  hereafter  be  required. 

These  tanks  might  be  made  of  wrought  iron  :  thus  the  inhabitants  of  such 
courts  would  have  the  constant  means  of  drawing  water  ;  and  where  the  land- 
lords cannot  afford  to  erect  them,  the  Water  Companies  should  provide  them 
on  the  receipt  of  a  moderate  interest  from  the  landlords,  the  water-rent  in  all 
such  cases  being  also  paid  by  the  landlords ;  and  although  I  cannot  professionally 
answer  the  latter  part  of  your  request  as  to  the  sanitary  effect  of  a  constant 
supply,  I  am  decidedly  of  opinion  that  whatever  advantages  M'ould  arise  to  the 
poorer  inhabitants  from  such  supply  in  the  opinion  of  "medical  officers,  such 
would  be  equally  obtained  by  what  1  have  here  recommended  in  respect  to  the 
enforcement  of  proper  tanks  or  cisterns  being  provided  by  all  landlords. 

I  remain,  dear  Sir, 

Your's  faithfully, 

Joseph  Daiv,  Esq.,  William  Chadwbll  Mylne,  F.KS. 

Principal  Clerli,  Sfc. 


SxR,  J^eiv  River  Office,  March  23,  1849. 

In  forwarding,  for  the  information  of  the  Commissioners  of  Sewers  of 
the  City  of  London,  Mr.  Mylne's  reply  to  your  letter  of  the  3rd  instant,  I  am 
desired  by  the  Directors  of  the  New  River  Company  to  furnish  the  following 
additional  information  touching  the  rate  of  charge,  the  quantity  supplied,  and 
the  number  of  houses  that  do  not  receive  water. 


Information  J  urnished  by  New  River  Company. 


47 


1st.  Rate  of  Charge.  Mr.^ylne: 
On  a  careful  examination  of  the  water-rents  paid  within  the  City,  it  is  found 
that  the  charge  (as  compared  with  the  parochial  returns  of  the  rack-rent) ,  does 
not  exceed  three  per  cent.,  and  if  the  large  consumers  were  excluded,  the 
average  rate  for  domestic  supplies  would  be  found  considerably  below  this 
average. 

2nd.  Quantity  supplied. 
The  averatre  quantity  of  water  supplied  by  the  New  River  Company  during 
the  year  1848,  gives  for  daily  distribution  (including  the  supplies  afforded  for 
sanitary  purposes),  a  quantity  per  tenant  equal  to  or  more  than  200  gallons. 
This  quantity  is  capable  of  being  increased  in  various  ways,  by  ferther  outlay 
of  capital,  whenever  it  may  be  required ;  but  even  now  such  quantity  is  more 
than  double  the  amount  (as  stated  in  evidence  before  the  Health  of  Towns 
Commissioners)  of  the  quantity  delivered  under  the  constant  supply  system, 
even  at  Nottingham,  Preston,  or  Greenock,  which  have  been  represented  as 
ihe  standards  of  perfection. 

^rd.  Houses  unsupplied. 
In  a  prospectus  lately  put  forth,  it  is  stated  that  within  the  district  sup- 
plied by  the  New  River  there  are  300,000  persons  unsupplied.    As  this 
appeared  incredible,  a  strict  inquiry  has  taken  place,  and  the  result  turns  out 
as  follows,  viz.  : — 

Old  premises  within  the  district,  never  supplied,  and 
having  wells  or  other  modes  of  s«pply,  or  not  requiring 
water   .     .  1,056 

Houses  taken  off  the  works,  not  being  inhabited,  or  not 
wishing  to  pay  water-rent   986 

2  J  042 

If  fiv°  persons  are  taken  as  residing  in  each  house,  mul- 
tiply by   5 

Gives  the  number  of  persons  unsupplied  by  the  New 

Kiver  water  10,210 

I  also  enclose,  by  direction  of  the  Board,  a  copy  of  the  section  referred  to  in 
Mr.  Mylne's  letter,  for  the  use  of  the  Commissioners. 

I  have  the  honour  to  be,''  Sir, 

Your  most  obedient  servant, 
Joseph  Daio,  Esq.,  Fbed.  Inglis,  Clerk. 


^  Ordered, — That  tlie  same  be  printed,  and  a  copy  be  sent  to  every  member 
of  the  Court. 

Joseph  Daw,  Principal  Cle?'k. 


Captain  Vetch  exainined. 

1.  Have  you  not  given  great  attention  to  measures  of  sanitary  im-  capt.  Vetch, 
provement ;  and  have  you  not  been  consulted  from  time  to  time  with  — 
respect  to  the  drainage  of  towns? — Yes. 

2.  And  with  respect  to  the  drainage  of  Windsor  ? — 'Yes, 

3.  Have  you  not  taken  a  view  of  the  present  supply  of  water  from  the 
Thames  ? — Yes. 
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c«pt^t.(oh.  ^  4.  Will  you  state  to  the  Commissioners  your  views  as  to  the  ohiec- 
tions  to  the  mode  of  conducting  the  water  from  its  sources,  near  Ware 
by  the  New  River,  to  London  ?— The  New  River  derives  its  chief  sup- 
ply of  water  from  the  river  Lea,  a  little  above  the  town  of  Ware,  the 
amount  however  being  limited  to  1-340  cube  feet  per  minute;  from  the 
Shadwell  sprmgs,  and  other  sources  near  the  same  locality  it  has  a 
further  supply  of  860  cube  feet  per  minute,  (part  of  which  is  pumped,) 
thus  obtaining  from  near  Ware,  a  total  supply  of  2,200  cube  feet  per 
mmute,  or  3,168,000  per  diem.    When  the  New  River  was  pro- 
jected we  learn  that  the  springs  at  Chadwell  and  Amwell  comprised  all 
the  water  intended  to  be  taken  to  London  at  that  time  (1606),  and 
probably  the  supply  of  water  by  these  springs  was  then  equal  to  the 
requirement.    The  mode  of  conduction  adopted  for  the  water  was  that 
of  an  open  canal  or  mill-leat,  constructed  nearly  on  a  level,  having  an 
inclination  of  only  3  inches  per  mile,  and  to  avoid  tunnels,  and  cuttings, 
embankments,  and  arcades,  the  leat  Avas  made  to  follow  all  the  sinuosities 
of  the  ground  (as  on  a  contour  line,)  and  similar  to  the  mode  resorted 
to  of  the  rudest  kind,  and  for  the  rudest  purpose,  but  in  keeping  with 
the  age  and  its  wants,  and  when  the  work  was  accomplished  in  1613,  it 
no  doubt  conferred  a  great  boon  on  the  inhabitants  of  London,  and  does 
so  still  from  want  of  a  comprehensive  work  of  art  and  science  worthy  of 
the  present  day,  and  equal  to  the  requirements  of  the  present  popula- 
tion.   Within  the  present  century,  great  ingenuity  and  great  expense 
have  been  applied  by  the  New  River  Company  to  correct  the  evils 
of  the  rude  and  vicious  mode  of  conduit  first  adopted,  and  little 
more  improvement  can  be  effected  in  that  direction,  indeed  such  praise- 
worthy zeal  vs^ould  be  better  applied  to  change  the  system  entirely,  but 
probably  the  very  great  misapplication  of  funds  and  talents  to  perfect  in 
detail  what  was  defective  in  principle,  may  have  served  to  protract  the 
existing  works  in  their  primitive  form  to  the  exclusion  of  others  more 
capable  of  meeting  the  demands  of  the  day.    The  New  River  or  canal  is 
about  18  feet  wide  and  4  feet  deep,  and  extends  from  the  site  of 
the  ballance-engine,  at  the  river  Lea,  near  Ware,  to  the  New  River 
Head,  at  Clerkenwelf,  over  a  tortuous  length  of  about  39  miles,  while 
the  distance  by  a  straight  line  is  only  about  half  as  much ;  the  water 
is  received  from  the  Lea  on  a  level  of  about  100  feet  above  high-water 
mark  in  the  Thames,  and  is  delivered  at  Clerkenwell  at  84  feet 
above  the  same,  or  with  a  total  descent  of  16  feet,  for  though  the 
inclination  of  the  surface  of  the  water  is  graduated  to  a  descent  of 
3  inches  per  mile,  or  10  feet  in  the  whole  distance,  there  are  some  over- 
falls which  add  6  feet  more  to  the  descent.    A  great  objection  to  the 
conveyance  of  water  for  domestic  purposes  in  an  open  earthern  channel 
is,  that  the  water  must  have  a  very  slow  motion,  not  exceeding  half  a- 
mile  per  hour,  to  prevent  the  current  wearing  the  channel-bed,  and 
bringing*  in  turbid  water ;   the  slow  motion  is  again  attended  with 
serious  evils,  depositions  of  silt  and  decayed  vegetable  matter  take 
place,  which  require  to  be  cleaned  out  from  time  to  time ;    in  the 
warm  season,  so  long  and  broad  a  surface  exposed  to  the  atmosphere, 
gets  heated  to  a  degree  favourable  to  the  producticm  of  vegetable 
and  animal  life  of  the  lower  forms,  and  also  in  giving  rise  to  a 
considerable  quantity  of  waste  from  evaporation,  the  high  temperature 
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of  the  water  further  faciHtates  the  decoction  of  leaves  and  other  vegetable  Cajt.vetcii. 
matters,  which  get  blown  into  the  New  River,  to  the  manifest  injury  of 
the  water,  but  there  are  other  pollutions  of  a  worse  character,  to  which 
all  open  canals  are  subject.    It  is  true  the  New  River  Company  have 
five  acres  of  settling  pools  at  Clerkenwell  and  38  at  Newington,  for  the 
deposit  of  solid  matters,  but  exposed  as  such  broad  surfaces  must 
be  to  the  summer  heats,  it  may  be  doubted  if  the  tendency  thus 
afforded  to  the  germination  of  animal  and  vegetable  life  and  decoction 
of  vegetable  matters,  do  not  create  more  evil  than  good.    Such  are  the 
objections  to  all  open  water  conduits  conducted  in  earthern  channels, 
the  deficiencies  of  which  will  however  be  still  better  appreciated  by 
a  contrast  with  the  qualifications  that  may  be  obtained  for  the  same 
water  if  conveyed  in  covered  channels  constructed  of  stone  or  brick- 
work, and  conducted  in  straight  lines  with  an  uniform  and  efficient 
descent,  crossing  valleys  on  embankments  or  arcades,  and  piercing 
hills  by  tunnels  or  adits;  for  example,  the  water  of  the  river  Lea 
might  be  conducted  to  London  in  such  a  channel,  from  Ware,  at  a 
distance  of  20  miles  instead  of  40,  and  with  a  speed  of  one  mile  per 
hour  instead  of  half  a  mile,  that  is,  the  transit  would  be  accomplished 
in  20  hours  instead  of  80 ;  and  during  its  course  it  would  receive  no 
heat  from  the  atmosphere,  but,  coming  most  of  the  distance  in  a  tunnel 
the  water  would  arrive  as  cool  as  when  delivered  from  the  spring  ; 
it  could  receive  pollutions  of  no  kind  in  its  course,  nor  would  it  be 
subject  to  waste  from  evaporation ;  being  exposed  neither  to  light  nor 
heat,  no  tendency  would  be  created  to  germinate  animal  or  vegetable 
hfe,  to  which   also  the  increased  velocity  of  current  would  serve 
as  a  preventative,  and  the  water  remaining  pure,  no  setthng  tanks  would 
be  required  but  simply  distributing  basins ;  much  greater  things  may 
however  be  done,  for  supplying  London  with  pure  water,  than  the  mere 
contrast  now  noted.    Though  Sir  Hugh  Middleton  and  his  successors 
did  not  hit  upon  the  most  unobjectionable  mode  of  bringing  water 
to  London,  they  were  certainly  very  near  the  best  sources  of  supply ;  at 
Hertford  there  is  a  singular  meeting  of  four  copioifs  streams  of  water 
proceedmg  from  chalk  valleys,  viz.,  the  Lea,  the  Mimram,  the  JBeane, 
and  the  Ixib,  which  jointly  have  a  discharge  of  between  6,000  and  1  000 
cube  feet  per  minute,  or  9,360,000  cube  feet  per  diem  ;  the  above 
streams  are  mainly  derived  from  springs,  one  of  these  at  Woolmers,  the 
seat  of  Mr.  Woodhouse,  yields  about  300,000  cube  feet  per  diem,  risin^r 
Irom  or  through  the  chalk  beds,  and  which  are  perennial,  clear,  copious" 
and  cool,  and  from  some  investigations  instituted  by  the  Commissioners  of 
sewers,  it  appears  to  me  that,  by  means  of  a  covered  brick  conduit  runnin<^ 
m  a  straight  Ime  from  near  Trinity  Church,  Holloway-road,  to  a  tkrm- 

^f" '  '"^^"^  ^"'"^y  ^^^d  ^-^^a^f  miles  above 

Hertford  the  several  streams  above-mentioned  may  be  collected  together 
dltvfh  r  ^^"^cd.Pla^-e,  and  the  greater  part  of  the  water  brought  to  a 
distubuting  reservoir  at  the  Holloway-road,  upon  a  distance  of  not  more 
Tl.     .     /'  ^"^.,^''^1^      g^^dient  of  about  5  inches  per  mile 

amount 'of  th  T  "  ^"^"^^^>'  '^'^'^  '"^^^^  the 

.  r  l)rought  m  by  the  New  River  Company,  and 

S  r  n  '  '^'^  ''^PP^y  ""^'^^     London  north  of  the^Thame 

fur  he  ,  the  water  would  be  delivered  without  any  pumping,  aTaii 
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Capt.  Vetcii.  elevation  of  1 40  feet  above  high-water  mark,  whereas  the  New  River 
Company  only  deliver  its  water  at  Clerkenwell,  at  an  elevation  of  84  feet, 
and  wherefore  high  service  is  obliged  to  be  pumped  up  60  feet. 

In  speaking  of  the  New  River  waterworks,  I  wish  to  be  allowed  to 
add,  that  notwithstanding  tlie  objections  which  I  have  taken  to  the  long, 
open,  and  tortuous  channel  for  conducting  the  supply,  I  consider  the 
New  River  Company  to  be  the  best  establishment  for  its  object  in  the 
metropolis.  The  sources  of  its  supply  are  good ;  the  principle  of  con- 
ducting the  water  by  gravitation  is  good,  but  the  manner  is  bad  ;  the 
water  delivered  by  the  Company  I  conceive  to  be  the  best  supplied  to 
London,  and  the  charges  for  the  same  the  most  moderate. 

In  addition  to  the  streams  above  mentioned,  as  applicable  to  the 
supply  of  water  to  London,  there  remains  to  be  noticed  the  streams 
of  the  Ash,  the  Stort,  and  springs  which  join  the  river  Lea  below 
Ware,  the  joint  discharge  of  which  may  be  estimated  at  3,000  cube 
feet  per  minute,  or  about  4,320,000  cubic  feet  of  water  per  day.  Such 
are  the  resources  of  the  river  Lea  and  its  tributaries,  and  which  for  the 
paramount  object  of  supplying  the  increasing  population  of  the  metro- 
polis with  so  needful  an  element  of  health  and  consumption  ought  to  be 
held  sacred  for  that  purpose  alone. 

I  beg  to  hand  in  a  letter  and  table  which  I  have  just  received  from  my 
friend,  Mr.  N.  Beardmore,  who  has  been  investigating,  with  Mr.  Rendel, 
the  discharges  of  the  streams  and  springs  constituting  the  River  Lea, 
and  to  whom  I  am  much  indebted  for  data  afforded  to  me.  Frotn  the 
table  it  will  be  seen  that  the  daily  yield  of  the  conjoint  waters  at  Field's 
Weir  amounts  to  fourteen  and  a  half  millions  of  cubic  feet,  or  nmety- 
four  and  a  quarter  millions  of  gallons  per  diem.  The  water  was  guaged 
by  Mr.  James  Hunter,  of  Bow,  fis  well  as  by  Mr.  Beardmore : — 

RIVER  LEA.  ■ 

13,  Great  College-street,  Westminster, 
DEA.R  Sir,  25i/i  3farch,  1850. 

I  NOW  beg  to  transmit  an  estimate  of  the  discharge  of  the  river  at  various 
points  visited  by  you  on  the  10th  instant.  We  had  rather  too  mucii  surplus  at  Ware, 
but  it  appeared  we  had  not  allowed  for  waste  at  the  sluices  above,  which  did  not 
escape  your  observation. 

The  estimate  of  the  run  per  square-mile  is  a  method  which  I  adopt  for  comparing 
rivers  :  and  it  is  added  for  your  use  if  you  feel  it  applicable.  To  make  t  us  con- 
sistent, the  New  River  and  Chadwell  spring  are  added  to  the  observed  volume  at 
Ware,  and  at  Fielde's  Weir  (the  junction  of  the  Stort),  you  will  observe  the  low 
run  of  the  Stort  and  the  Ash  per  square  mile,  the  enormous  ruu  ot  the  Mimram 
(remarkably  steady  at  all  seasons),  and  the  great  increase  ot  the  river  between 
the  town  of  Ware  and  the  Stort  junction ;  this  latter  we  cannot  account  for  by  any 
patent  facts,  the  whole  district  is  full  of  springs,  and  must  be  gaming  water  in  all 
directions,  for  the  increase  is  systemati'^  in  all  our  guagings. 

I  am, 

Yoiirs  faithfully, 

To'Captain  Vetch,  E.E.  Nathaniki.  Beakdmoue. 


Tlie  Lea  and  its  Tributaries.    Tlie  Darerdh. 


SriTEaiBNTof  the  Discharge  of  the  River  Lea  between  Hertford  and  Field's  Weir,  Capt  Vetch. 

March,  1S50.   


Discharge  of  Branches  above.  Hei:tford. 

I^a  proper  at  Horns  Mill  ...... 

River  Beajie  at  Molewood  

River  Rib  at  Ware  Park  

River  Mimram  at  Panshanger  .... 

Brooks  not  gauged  

Total  above  Hertford 

Main  river  at  Ware  Mill.    .     .    «    ,  . 

New  River   »    .  . 

Chadwell  spring,  say  ...... 

Total  valley  at  Ware. 
Area  to  Hertford    .  290     sc[.  miles 
Add  to  Ware    .    .      2-5       , , 

Total     .    .  292-5  sq.  miles 


Field's  Weir. 

(81  feet  above  Trinity  high-water  mark.) 

Srort  proportion  ,  . 

Ash  proportion  .  

Run  at  Ware,  as  above  

Increase  from  springs  between  Ware  and 

Fielde's  Weir  

Total  without  the  New  River 
Add  for  New  River,  &c.  .  . 

Total  of  joint  valleys  . 


CubicFeet 
per 
Mill  ate. 

'  Total 
CabicFeet 
per 
Minute. 

Square 
Miles  of 
Draiuage. 

Run.  per 
Square 
Mile  in" 
Cubic  Feet 
per 
Minute. 

1,,4S3 
95.9 
1,532 
89 

*• 

6:,  15.9 

112 
83 
61 
'  29-3 
4-7 

18«71 
12-42 
14-34 
52-39 
18-63 
21-23 

5,344 
1,250 
506 

\ 

•  «- 

6,594 

•  • 

•  • 

.  . 
«  . 

•  • 

7   1  HA 

1,376 
480 

1,100 

•  ■ 

•  • 

•  • 

•  • 

103 
44 

•  « 

•  • 

13-10 
10-90 

•  • 

•  • 

•  • 

8,300 
1,750 

•  • 

•  • 

•  * 

•  • 

10,050 

444 

22-63 

Note. — Fielde's  weir  is  81  feet  above  Trinity  high-water  mark.  In  the  month  of 
March,  1850  (a  particularly  dry  one),  the  mean  discharge  of  water  over  it  was 
8,000  cube  feet  per  minute,  exclusive  of  the  abstractions  by  the  New  River;  and 
the  lock-keeper  at  the  weir  is  of  opinion  that  the  discharge  of  March,  1850,  is  about 
what  occurs  in  the  di-y  months  of  summer. 

5.  Have  yon  liacl  any  opportunities  of  eye  surveys  or  any  other 
surveys  of  the  water-sources  on  the  south  side  of  the  Thames  ? — -  Yes  -  I- 
have  especially  directed  my  attention  to  the  waters  of  the  river  Darenth, 
which  discharges  into  the  Thames,  near  Dartford,  as  I  deemed  it 
highly  important  in  the  first  place,  to  investigate  the  cases  of  supplies 
from  rivers  discharging  into  the  Thames,  belo^  London,  the  effect  of 
which  can  be  of  little  use  in  purging  the  Thames  of  the  impurities 
collected  in  its  passage  through  the  metropolis,  and  which  may  therefore 
be  abstracted  without  detriment.  From  the  investigation  made  by  the 
sanction  of  the  Commissioners  of  Sewers,  I  find  the  yield  of  the  river 
Darenth,  near  Shoreham,  where  itK  bed  is  elevated  148  feet  above 
high-water  mark,  to  be  about  2,60Q,000  cube  feet  per  diem,  and 

E  2 
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Capt.Vetcii.  which  might  be  delivered  through  a  hrick  conduit  12J^-  miles  long,  to  a 
distributory  reservoir  at  Forest  Hill  or  Manor  Rise  at  a  height  of  142 
feet  above  high-water  mark.    The  river  Darenth,  like  the  Lee  on  the 
north  side  of  London,  is  pretty  constant  in  quantity,  being  chiefly  fed  by 
springs  proceeding  from  the  lower  beds  of  chalk,  or  from  the  green  sand 
below  it;  these  springs  are  particularly  numerous  near  Otford,  but,  were 
the  conduit  I  have  mentioned  constructed,  it  would  intercept  other 
sources  of  supply,  amongst  others,  a  spring  at  Orpington  yielding  223,000 
cube  feet  per  diem,  and  I  estimate  its  efficiency  would  be  equal  to  about 
3,000,000  cubic  feet  daily  for  the  supply  of  London  south  of  the  Thames. 
The  conduits  I  have  proposed  on  either  side  of  the  Thames,  would  be 
chiefly  tunnels,  or  in  miners'  phrase,  adits^  in  their  character,  and  need 
not  terminate  at  13  or  14  miles,  but  may  be  gradually  extended  with  a 
rise  of  about  6  inches  per  mile,  which  is  ample,  and  if  so  continued  they 
would,  at  no  great  distance,  penetrate  the  green  sands  and  wealden 
sands  below  the  chalk,  and  so  open  subterranean  lakes  of  pure  filtered 
water  for  the  supply  of  London,  cool  in  summer  and  temperate  in 
winter,  a  great  advantage  which  subterranean  reservoirs  have  over  all 
other  modes  of  supply.    {Handed  in  a  map  of  the  country,  showing 
the  sources  and  pro-posed  conduits,  for  supplying  London  with  water) 
6.  What  do  you  pay  for  your  own  supply  of  water ;  and  how  are  you 
satisfied  with  the  same?— I  am  charged  9Z.  12^.  %d.  per  annum.  The 
supply  is  let  on  three  times  a-week,  through  a  pipe  about  one  inch  m 
diameter ;  the  cisterns  are  not  capable  of  holding  a  greater  supply  than 
473  gallons,  and  I  find  I  have  a  quantity  equal  to  about  14  gallons  per 
head  daily.    How  much  the  Company  would  supply  if  the  cisterns  were 
larf^er,  I  cannot  tell.    I  am,  however,  sometimes  disappointed  in  the 
water  coming  in  at  the  appointed  time  ;  care  has  therefore  to  be  taken 
that  the  cisterns  are  never  exhausted,  a  precaution  which  limits  the  use 
of  water.    If  the  supply  does  not  come  on  at  the  usual  time,  consider- 
able trouble  is  occasioned  in  sending  to  the  turncock,  who  lives  at  a 
distance ;  and  the  answer  is,  the  water  will  be  let  on  next  day,  or  that 
the  ball-cock  or  something  must  be  out  of  order  in  the  house  ;  and  as 
these  ball-cocks  seem  to  be  made  on  principle  to  get  out  of  order,  it  is 
difficult  to  tell  whether  the  Water  Company  or  the  plumber  is  to  blame, 
but  between  the  two  much  inconvenience  is  occasioned.    At  times  there 
is  a  considerable  deposit  of  silt  in  the  cisterns,  and  in  warm  weather 
small  insects  often  abound,  so  that  the  cisterns  require  to  be  frequently 
cleaned  out.    All  of  which  evils  I  conceive  might  be  obviated  by  the 
system  of  constant  supply  at  high-pressure  ;  an  alteration  which  might 
also  save  the  Water  Company  from  some  abuse,  that  more  properly 
belongs  to  builders  and  plumbers.  i    i     j  p 

7  Have  you  had  occasion  to  complain  of  injustice  at  the  hands  ot 
anv  Water  Company  ?— Yes.  At  a  former  residence  I  found  out  I  was 
charL^ed  23  per  cent,  higher  than  my  next  neighbour,  whose  house  was 
precfsely  similar  to  my  own,  and  a  little  higher  rented.  I  complained 
to  the  Company,  but  after  several  months  correspondence,  could  obtain 
no  remedy.  I  was  told  by  the  collector  at  last,  that  they  would  rmse 
the  rate  upon  my  neighbour  if  I  insisted  upon  an  equality  ;  an  ofler 

which  I  declined.  ^    i  •  i  -or 

8  What  is  your  opinion  of  the  usual  charge  for  bigh-seryice?— 1 
find  it  the  practice  of  several  Water  Companies  to  charge  high-serv.cc 
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whenever  there  is  a  cistern  six  feet  above  the  ground-floor,  which  Capt.  Vetch, 
appears  to  me  an  ingenious  device  for  charging  high-service  to  every 
respectable  house,  however  small,  because  if  there  be  a  water-closet 
anywhere  but  in  the  basement-floor,  it  ifiust  have  a  cistern  six  feet  above 
the  (rround-floor  ;  and  Mr.  Hawkesly,  a  good  authority  in  such  matters, 
states  that,  raising  water  50  feet  additional,  costs  but  5  or  6  per  cent, 
outlay  on  the  low-service^  and  consequently  raising  the  water  but  10 
feet  higher,  ought  only  to  cost  the  Companies  about  1  per  cent,  on  the 
low-service ;  whereas  they  actually  charge  about  25  per  cent,  on  the 
same. 

9.  Do  you  recommend  any  other  aqueducts:  for  conveying  water  to 
London  ? — Yes ;  considering  that  the  population  af  the  Metropolis  has 
nearly  doubled  itself  in  45  years,  that  is  from  1800  to  1845,  and  that 
great  solicitude  is  entertained  that  the  same  ratio  of  increase  may  con- 
tinue to  1890,  I  consider  it  a  most  important  measure  to  secure  all  the 
best  supplies  of  water  that  can  be  obtained  near  London,  before  they  be 
appropriated  to  other  objects  of  minor  importance  ;  and  while  there  still 
exist  many  facilities  for  carrying  out  the  necessary  works  which  the 
increase  of  buildings  in  and  round  the  Metropolis  may  by-and-by 
render  almost  impracticable  at  any  cost. 

10.  What  other  are  the  sources  which  you  consider  ought  now  to 
be  secured  for  the  benefit  of  the  metropolis  ? — I  conceive,  in  the  first 
place,  that  the  water  of  the  River  Verulam  is  the  first  to  be  secured, 
and  rendered  available  for  the  public  good  of  London  ;  the  water  of  this 
river,  taken  a  little  way  above  Watford,  is  a  never-failing  stream,  de- 
rived from  springs,  and  yielding  3  miUions  cubic  feet  of  water  per 
diem,  at  an  altitude  of  158  feet  above  high  water  in  the  Thames.  This 
beautiful  supply  of  water  may  be  brought  to  a  reservoir  near  the  Blind 
School,  Finchley-road,  within  three  miles  of  Regent-street,  by  an  aque- 
duct carried  in  a  straight  line  for  a  distance  of  1 2  miles  only,  and  with 
a  descent  of  five  or  six  feet,  it  would  be  delivered  at  the  reservoir  at 
152  feet  of  altitude  above  the  Thames,  in  a  space  of  12  hours'  journey 
from  the  river.  The  proposed  aqueduct  should  be  cased  in  brickwork, 
and  carried  chiefly  under  ground,  secure  fiom  heat  and  all  sources  of 
pollution.  It  seems  the  more  necessary  to  secure  this  source  of  supply 
for  the  public  benefit,  as  its  good  qualities  are  too  well  known  to  allow 
it  to  remain  long  unfingered  by  some  commercial  Water  Company. 
Indeed  there  is  a  Bill  before  Parliament  this  year,  which  proposes  to 
appropriate  the  same,  and  to  drive  it  up  by  steam-power  to  high  reser- 
voirs at  Stanmore,  Elmstree,  Harrow,  and  Hampstead,  for  the  supply  of 
the  outskirts  and  country  villages  ;  whereas  it  may  flow,  by  gravitation, 
in  a  fine  stream,  high  enough  for  the  wants  of  the  great  Metropolis, 
and  appropriated  to  any  other  purpose  would  be  an  act  of  profanation. 

Similar  to  the  supplies  of  water  on  the  north-east  of  London,  which 
unite  to  constitute  the  River  Lea,  those  on  the  north-west  of  London 
unite  to  constitute  the  River  Colne,  and  consist  of  the  following  streams. 
The  Colne  proper,  an  insignificant  brook  in  dry  weather,  but  subject 
to  certain  floods,  deriving  its  supply  chiefly  from  a  surface  of  London 
clay,  extending  from  Chipping  Barnet  to  North  Myms.  In  dry  weather 
the  stream  seems  to  be  deposited  in  swallow  holes  of  the  chalk,  but  in 
wet  weather  the  water  collects  in  a  pool,  and  overflows  the  lip  of  its 
basm,  and  thence  joins  the  Verulam. 
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Capt.vefch.  The  Vcrulam,  a  fine  stream,  having  a  course  of  19  miles  through  a 
chalk  valley,  is  chiefly  fed  from  springs,  and  is  clear  and  constant,  with 
an  average  yield  of  about  three  millions  cube  feet  per  diem. 

The  Gade,  a  fine  streatn,  -vvitft  a  course  of  14  miles  through  a  chalk 
valley,  is  chiefly  fed  by  springs,  and  yields  a  supply  of  about  four 
millions  cube  feet  per  diem. 

The  Chess,  a  fine  stream,  flows  for  nine  miles  through  a  chalk  valley, 
is  fed  by  springs,  is  constant  aiid  clear,  and  yields  somewhat  better  than 
two  millions  cube  feet  per  diem. 

The  above  streams  have  their  waters  united  a  little  way  above  Rick- 
mansworth,  where  their;  joint  yield  or  discharge  amounts  to  seven  and 
three-quarters  millions  cube  feet  per  diem,  a  great  increase  on  the 
quantity  afforded  by  them  separately,  but  presenting  a  fact  similar  to 
what  is  observed  on  the  River  Lea  at  Field's  Weir,  the  united  streams 
in  both  cases  showing  a  great  accession  of  water  from  springs  pre- 
sumed to  exist  in  the  beds  of  the  rivers,  and  which  may  be  explained 
by  supposing  that  the  Lea  and  the  Colne,  throughout  a  great  extent  of 
their  course,  flow  on  the  line  of  a  great  rent  of  the  chalk  formation, 
•which  probably  extends  from  Widford,  on  the  north-east,  to  Maple- 
cross,  on  the  soulh-west,  a  distance  of  28  miles,  and  which  line  crosses 
the  swallow-holes  in  the  chalk  at  North  Myms  above  alluded  to. 

It  would  be  practicable,  if  so  required,  to  unite  the  waters  of  the 
Verulam,  Gade,  and  Chess,  at  a  place  near  Moor  House,  about  one  mile 
east  of  Rickmansworth,  and  to  convey  their  joint  yield  by  a  straight 
and  covered  aqueduct  to  the  site  for  a  reservoir  already  suggested  near 
the  Blind-school,  New  Finchley-road,  and  deliver  the  same  at  an  alti- 
tude of  142  feet  above  Trinity  high-water  mark,  and  by  a  channel  of 
about  thirteen  miles  in  length. 

11.  Will  you  notice  any  remaining  sources  you  would  suggest  for  the 
supply  of  water  to  London  ? — ^The  fourth  and  last  aqueduct  w^iich  might 
be  proposed  to  be  applied  to  bring  water  to  the  Metropolis,  would  receive 
the  waters  of  the  River  Mole  at  a  point  one  mile  east  from  Betchworth, 
above  which  point  the  river  forks  out  into  six  great  branches,  besides 
smaller  ones,  unwatering  altogether  a  district  of  strata  underlying  the 
chalk,  equal  in  extent  to  about  100  square  miles ;  and  I  am  of  opinion 
that  the  water  obtained  at  this  point  would  not  seriously  abstract  from 
the  quantity  of  water  conveyed  by  the  Mole  into  the  Thames;  as  below 
the  point  at  which  it  is  proposed  to  be  intercepted,  the  waters  get 
seriously  diminished  in  passing  through  an  absorbent  soil,  which  drinks 
up  the  supply  to  no  beneficial  purpose.  The  aqueduct  to  brmg  home 
the  supply  of  the  Mole  to  a  reservoir  on  the  high  ground  near  Streat- 
ham,  would  be  15  miles  in  length,  and  chiefly  carried  under  ground 
by  a  tunnel  or  adit,  which  would,  as  in  the  other  cases,  bring  home  the 
water  cool  and  free  from  any  possible  means  of  pollution  in  its  transit ; 
and  I  estimate  that  three  million  cubic  feet  may  be  brought  m  as  a 
daily  supply.  This  last  •source  of  supply  is  of  a  very  diflerent  nature 
from  those  which  I  have  already  named,  and  requires  more  invesliga- 
tion  than  I  have  yet  been  able  to  bestow  upon  it ;  I  have  therefore  only 
to  notice  it  as  a  probable  source  at  a  short  distance  from  the  metropolis, 
which  may  be  advantageously  made  available. 

12.  What  provision  do  you  propose  for  the  aeration  of  the  water 
brought:  in  by  these  brick  conduits  ?— The  size  of  the  culverts  will  be 
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such  as  to  permit  a  column  of  air,  nearly  equal  to  that  of  the  water,  Capt^c 
passing  along  with  it ;  the  flow  of  the  water  would  be  regulated  nearly 
at  the  rate  of  one  mile  per  hour.    Besides,  at  intervals  there  would  be 
ventilating  shafts  reaching  to  the  surface,  and  receptacles  at  various 
intervals  for  the  deposit  of  any  sedimentary  or  solid  matter. 

13.  Do  you  propose  to-  aid  the  supplies  of  water  by  means  of  artesian 
wells  or  bore-holes,  or  by  pumping  up  tlie 'natural  subterranean  re- 
sources?— No,  I  should  particularly  avoid,  resorting  to  any  such  means 
of  forcing  the  subterranean  reservoirs  ;  and  conceive  that  all  such  ex- 
pedients ought  to  be  interdicted,  as  interfering  with  the  constant 
resources  freely  offered  through  natural  means., 

14.  Do  you  apprehend  much  difficulty  and  opposition  on  the  part  of 
landowners  and  millowners  to  the  construction  of  the  aqueducts  you 
advocate  ? — The  interference  with  land  by  the  kind  of  aqueduct  pro- 
posed would  be  the  least  possible,  since  very  little  surface  ground  would 
be  required — the  conduits  taking  generally  an  under-ground  course, 
so  that  little  more  than  a  right-of-way  would  become  necessary;  and 
there  would  be  little  or  no  interference  with  the  rights  and  usages  of 
the  surface  of  the  land.  No  doubt  full  compensation  must  he  made 
for  the  loss  of  water  to  those  now  enjoying  the  use  of  it.  Were  ths 
supplies  of  water  and  right-of-way  sought  to  be  obtained  for  the  pur- 
poses of  a  private  company  as  a  commercial  speculation,  I  conceive 
extravagant  demands  would  be  made  upon  such  company,  and  every 
difficvdty  placed  in  its  way,  and  with  some  reason,  as  no  one  is  disposed 
to  have  his  rights  and  property  taken  from  him  on  compulsion,  to 
serve  the  purposes  of  a  private  speculation;  hut  much  otherwise,  I 
conceive,  would  be  the  feelings  of  the  same  persons  if  they  understood 
•what  they  were  required  to  part  with  was  ibr  the  benefit  of  a  g-reat 
public  measure,  from  which  the  promoters  -^^-ere  to  derive  no  personal 
benefit ;  feehngs  which  I  have  often  heard  expressed  on  this  and  similar 
occasions.  I  am,  therefore,  inclined  to  believe  that  the  owners  of  pro- 
perties under  the  circumstances  proposed,  would  be  content  with  what 
would  be  deemed  a  just  and  proper  value  for  their  rights  and  proper- 
ties ;  and  this  view  of  the  subject  leads  me  to  an  opinion  that,  it  would 
be  impossible  to  carry  any  great  and  comprehensive  measure  at  any 
reasonable  cost,  for  the  supply  of  the  Metropolis  with  water,  except  as  a 
measure  undertaken  for  and  by  the  public. 

15.  Will  you  state  what  will  be  the  leng:th  of  the  several  aqueducts 
you  propose,  and  what  the  quantity  of  water  you  propose  to  bring  into 
London  by  each  ? — The  Lea  aqueduct,  14  miles  long,  to  bring  in  a  supply 
of  7,000,000  of  cubic  feet  per  diem,  and  deliver  the  same  at  an  eleva- 
tion of  140  feet  above  Trinity  high-water  mark. 

Secondly.  The  Darenth  aqueduct,  13  miles  long,  to  bring  in  a 
supply  of  3,000,000  of  cubic  feet  per  diem. 

TJdrdly.  The  Colne  aqueduct,  12  miles  long,  to  bring  in  3,000,000 
per  diem. 

Fourthly.  The  Mole  aqueduct,  15  miles  long,  to  bring  in,  from 
a  point  on  the  course  of  that 'river,  a  little  way  above  the  village  of 
Betchworth,  about  3,000,000  of  cidjic  feet  per  diem. 

The  drainage  area  of  the  Mole  above  the  point  of  interception  is  some- 
what more  than  100  square  miles,  and  it  is  probable  that  mucn  good 
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it^etch.  gathering  ground  exists  in  the  district,  which  would  much  increase  the 
amount  of  supply. 


length  in 
Miles. 

Supply  of  Water 
per  diem  in 
Cube  Feet. 

Lea  •    •    •  , 

Darenth.    .  . 
Colne    .    ,  . 
Mole     .    .  . 

14 
13 
12 
15 

7,000,000 
3,000,000 
3,000,000 
3,000,000 

Total .  , 
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16,000,000 

The  above  supplies  may  all  be  delivered  to  reservoirs  140  feet  above 
high-water  mark;  and  while  the  quantity  of  Avater  proposed  to  be 
taken  from  the  present  discharge  of  the  Lea  and  the  Colne  might  (if 
thought  fit)  be  greatly  increased,  it  is  reasonable  to  believe  that  the 
prosecution  of  the  driftways  would  cut  open  many  springs,  so  as  mate- 
rially to  add  to  the  supply.  ' 

16.  Do  you  not  consider  the  above  quantity  of  water  as  unnecessarily  i 
great?— If  water  can  be  brought  to  London  from  such  short  distances"',  I 
and  at  such  an  altitude,  on  the  gravitating  system  alone — cool,  and  clear '  | 
in  quality,  I  do  not  consider  that  any  quantity  of  such  water,  and  under  j 
such  conditions,  can  be  deemed  over  abundant  for  the  health  of  the  I 
population  ;  and  which,  at  the  present  ratio  of  increase,  may  amount,  in  | 
forty  years,  to  about  4,000,000  of  souls.    The  supply  of  water  to  the 
population  of  Rome  at  present  is  estimated  at  the  rate  of  5  cubic  feet 
per  person  per  day  ;  but  under  the  Empire  we  learn  that  the  quantity 
actually  supplied  by  the  Roman  aqueducts  amounted  to  about  50,000,000  | 
cubic  feet  per  day,  for  the  use  of  a  population  presumed  to  have  con- 
consisted  of  about  1,000,000.    Amongst  the  numerous  grand  works  con- 
structed by  the  Romans,  for  the  supply  of  water  to  the  capital,  may  be  j 
mentioned  the  aqueduct  of  Aqua  ClaudicB,  which  is  stated  to  have  I 
passed  through  a  subterranean  channel  36^  miles  in  length  ;  while  that  i 
of  the  Aqua  Martia  is  said  to  have  entered  a  tunnel  16  feet  in  diameter,  j 
in  which  it  was  conveyed  for  a  distance  of  38  miles.    These  and  other  j 
great  works  constructed  by  the  Romans  for  the  supply  of  so  important  i 
an  element  of  life  and  health  to  crowded  populations,  ought  to  serve  as  a  ' 
stimulus  to  pursue  the  same  bold  tract  in  supplying  water  to  the  : 
greatest  city  known  in  history — the  metropolis  of  the  British  empire.  , 

17-  "What  is  the  quality  of  the  water  which  the  sources  you  have  j 
mentioned  will  supply  ? — The  waters,  when  derived  near  their  sources, 
will  be  remarkably  free  from  all  animal  and  vegetable  substances  ;  but 
coming  chiefly  from  springs  in  seams  of  the  chalk  formation,  or  passing 
through  them,  I  expect  they  would  be  found  nearly  similar  to  the  water 
in  the  New  River  near  AVare— that  is,  of  16  degrees  of  Clark's  test  for 
hardness ;  and  containing  about  20-^  grains  of  earthen  salts  in  chemical 
solution,  chiefly  bicarbonate  of  lime  —  conditions,  no  doubt,  unfavour- 
able for  washing  purposes,  but  it  must  be  allowed  that  a  certain  amount 
of  bicarbonate  of  lime  is  useful  in  preserving  the  water  from  corrupting 
influences,  and  that  it  renders  the  water  more  grateful  to  the  taste ;  and 
that  of  the  two  evils  (as  far  as  sanitary  objects  are  concerned)  it  is  better 
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to  have  bicarbonate  of  lime  than  animal  and  vegetable  matter,  causing 
putrescence  in  the  water.  For  instance,  looking  at  Mr.  Brand's  analysis 
of  water  at  page  ]  02  of  Sir  William  Clay's  recent  pamphlet,  it  will  be 
seen  that  the  water  in  the  Paddington  Canal  at  Kensal  Green,  (where  it 
is  supplied  to  some  extent  from  the  Buislip  reservoir,  gathered  from  the 
surface,)  has  only  a  hardness  of  8f°  according  to  Clark's  test,  and  con- 
tains only  llj  grains  of  solid  matter  per  gallon,  and  in  these  two  parti- 
culars twice  as  pure  as  the  water  of  the  New  River ;  but  such  water 
is  nevertheless  very  filthy,  from  animal  and  vegetable  contamination; 
and  I  may  mention  here  that  about  fourteen  months  ago  the  following 
description  (from  good  authority)  of  the  condition  of  ftie  water  of  a 
canal  near  London,  came  under  my  notice : — "  Even  when  the  water  is 
clear,  it  is  very  deleterious,  producing,  if  used  for  drinking,  diarrhoea 
and  large  pustules  on  the  body  ;  but  at  times  the  water  is  so  much  dis- 
coloured from  vegetable  matter,  that  it  has  the  appearance  of  tan-pit 
water ;  and  the  barges  passing  along  the  canal  are  so  deeply  laden,  that 
they  stir  up  the  clay  from  the  bottom  and  sides  of  the  canal,  and  leave 
the  water  in  a  muddy  state." 

18.  Has  your  attention  been  called  to  the  scheme  for  bringing  water 
from  the  Thames  at  Henley,  for  the  supply  of  London  ? — It  has,  parti- 
■cularly  to  the  scheme  of  last  year,  which  appeared  to  be  designed  for  the 
double  purpose  of  a  navigation  and  a  supply  of  water  to  London  for 
domestic  purposes.  The  scheme  of  this  year  appears  more  distinctly 
devoted  to  the  purpose  of  an  aqueduct,  but  is  not  very  comprehensible  in 
its  arrangement,  if  that  be  its  only  object.  Last  year  the  scheme  was 
avowedly  one  to  connect  the  navigation  of  the  Grand  Junction  Canal 
with  that  of  the  Thames  at  Henley,  and  was  described  by  the  promoters 
in  February,  1849,  in  the  following  terms: —  "The  water  will  be 
obtained  from  the  Henley  Reach  of  the  river  Thames,  and  carried  by  an 
aqueduct  or  waterway  18  miles  long,  to  the  Grand  Junction  Canal  near 
West  Drayton,  and  thence  in  the  canal  (which  will  be  deepened  for  the 
purpose),  to  London.  This  channel  will  be  lined  throughout  from 
Henley  to  London,  and  will  conduct  the  water  by  a  scarcely  perceptible 
fall  of  42  inches  in  the  whole  distance — about  33  miles."  Elsewhere 
the  promoters  state — "  The  channel  between  Henley  and  West  Drayton 
will  be  navigable,  and  will  have  the  effect  of  diminishing  the  navigable 
distance  between  Henley  and  London,  by  more  than  20  miles,  A  uni- 
form surface  will  be  preserved  throughout  the  whole  distance ;  and  to 
maintain  the  purity  of  the  water,  the  bed  of  the  whole  channel  would  be 
formed  of  concrete."  And  elsewhere,  speaking  of  the  contamination  of 
the  water  by  canal  purposes,  the  promoters  state — "  That  objection  will 
be  removed  by  the  reflection  that  100  barges  a-day  can  produce  no  effect 
on  the  vast  body  of  water  in  question." 

Last  session  it  was  proposed  that  the  water  so  brought  to  London 
should  flow  from  the  reservoirs  direct  into  the  mains,  for  the  supply  of 
the  lower  portion  of  the  metropolis ;  and  that  the  descent  of  such  water 
should  be  applied  to  hydraulic  machines  to  force  up  another  portion  of 
the  supply  required  by  the  higher  districts  of  the  metropolis ;  and  the 
Water  Companies  were  to  be  invited  to  become  the  purchasers,  and  to 
convey  the  water  brought  from  Henley  through  their  own  pipes.  In  the 
Bill  before  Parliament  it  was,  however,  provided,  that  when  any  house 
was  situated  within  100  yards  of  any  main  of  the  proposed  Company,  the 


58 


Ilenhij  ScJieme  of  this  Year. 


owner  might  require  to  be  supplied  from  it  at  a  fixed  rate.  It  ouglit, 
however,  to  be  mentioned  that  the  prospectus  stated  that  if  the  combina- 
tion of  navigation  with  a  supply  of  water  for  domestic  purposes  should 
be  considered  undesirable  by  Parliament,  the  promoters  will  incieaEe 
their  capital  by  250,000/.,  and  make  a  channel  separate  frnm,  though 
parallel  with  and  adjacent  to  the  Grand  Junction  Canal ;  but  it  was  not 
explained  that  the  combination  of  the  two  purposes  on  the  distance  be- 
tween West  Drayton  and  Henley  would  be  relinquished  ;  there  can  be 
little  doubt,  that  as  a  canal  project,  the  scheme  of  last  year  was  quife 
suitable;  and  if  the  Grand  Junction  Canal  had  been  connected  at  West 
Drayton  with  the  Thames  at  Henley,  the  object  of  the  promoters  would 
probably  have  been  achieved ;  the  proposed  fall  of  about  1  inch  per 
mile  would  have  produced  a  flow  of  about  half  a  mile  per  hour,  quite 
compatible  with  navigation  purposes,  and  for  bringing  in  a  supply  of 
water  for  the  use  of  the  eastern  portion  of  the  canal.  If  the  undertakers 
abstained  from  laying  down  mains  in  the  streets,  no  calls  could  be  made 
upon  them  for  supplies  for  domestic  purposes;  and  if  the  water  Companies 
refrained  from  purchasing  the  waters  of  the  undertakers,  the  scheme  would 
have  become  solely  and  entirely  one  of  navigation ;  indeed  the  mere 
proposal  to  bring  the  water  through  the  Paddington  Canal  would  have 
been  sufficient  to  put  that  part  of  the  question  at  rest. 

The  Henley  scheme  of  this  5'ear  is  too  parallel,  in  many  of  its  featuresj 
with  that  of  last  session  to  be  freed  from  misgivings  of  some  connexion 
with  canals.  For  instance,  the  proposed  cut  from  Henley  to  West 
Drayton  is  to  be  19^  miles  long,  40  feet  wide,  and  10  feet  deep,  with  a 
very  gentle  descent  of  1  inch,  or  less,  per  mile  ;  it  is  stated  to  be  capable 
of  bringing  200,000,000  gallons  of  w  ater  from  Henley  to  West  Drayton, 
daily.  The  continuation  of  the  aqueduct  is  then  to  run  a  distance  of 
11  miles  parallel  and  adjacent  to  the  canal,  in  a  channel  only  20  feet 
•wide  and  7  feet  deep.  This  channel  is  proposed  to  convey  100,000,000 
gallons  per  day  from  the  larger  channel  to  London,  for  domestic  pur- 
poses, while  the  other  100,000,000  gallons,  of  which  the  Thames  is  to 
be  robbed,  is  to  be  conveyed  through  the  canal  to  London,  for  the  osten- 
sible purpose  of  flushing  the  sewers  therewith  ;  but  how  it  is  to  be  dis- 
tril)Uted  for  that  purpose,  and  at  what  cost,  is  not  shown.  But  though 
200,000,000  gallons  of  water  may  thus  be  abstracted  from  the  Thanics 
daily,  I  do  not  find  that  the  smaller  channel,  as  far  as  the  data  will  allow 
me  to  j«dge,  could  convey  more  than  60,000,000  gallons  daily.  If,  for 
sake  of  argument,  it  be  admitted  that  the  object  of  the  promoters  of  this 
scheme  is  exclusively  that  of  supplying  London  with  water  for  domestic 
pur])oses,  then  all  the  objections  that  I  have  stated  to  the  conduit  of  the 
New  River  will  equally  apply  to  the  open  channel  proposed  for  this 
scheme;  the  motion  of  the  water  would  be  very  slow^  and  in  summer 
would  promote  all  the  tendencies  to  animal  and  vegetable  corruptions, 
to  which  it  would  be  more  exposed  by  reason  of  its  extensive  proximity 
to  a  canal.  So  much  for  the  gravitation  portion  of  the  question ;  but 
when  the  water  is  brought  to  Paddington,  it  is  then  proposed  to  pump 
a  certain  portion  of  it  to  an  elevation  of  268  feet  to  a  reservoir  at  Hanip- 
stead.  If  so  much  pumping  is  required,  it  may  be  asked  whether  the 
Water  would  not  be  much  purer,  and  cheaper  conveyed,  if  pumped 
direct  from  the  Thames  somewhere  near  Twickenham,  to  reservoirs  at 
London.    The  great  objection,  however,  which  I  take  to  this  scheme 
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consists  in  the  very  large  quantity  of  water  it  is  to  abstract  from  the 
Thames— about  one- third  of  the  whole  quantity  running  over  the  Ted- 
dino-ton  Weir  in  summer,  whereas  the  whole  quantity  now  delivered  there 
is  not  sufficient  to  maintain  the  river  pure  in  its  passage  through 
London.  The  promoters  of  the  Henley  scheme  of  this  year  coiiclude 
their  statement  by  proposing  that  the  management  of  the  undertaking  be 
vested  in  a  Board,  to  be  selected  by  the  ratepayers  of  the  metropolis  ;  but 
in  that  case  it  may  he  fairly  asked  why  the  same  Board  should  not  be 
allowed  to  select  for  themselves  the  sources  of  supply,  and  the  mode  of 
conducting  the  water  of  London, 

19.  If  water  be  taken  from  the  Thames,  do  you  conceive  it  would 
be  better  to  receive  it  at  a  coiisiderabfe  distance  .up  the  stream,  as  at 
Henley  or  Mapledurham ;  or  only  a  short  way,  above  Teddinsfton 
•\Veiri' — I  conceive,  in  summer  weather,  if  one-third  of  the  water  be 
abstracted  from  the  Thames  at  Henley,  the  remainder  would  not  reach 
Teddington  equal  in  quality  and  quantity  as  before  the  abstraction-; 
the  volume  and  depth  of  the  remaining  two-thirds  bein^  so  much  dimi- 
nished and  the  bed  of  the  channel  remaining  the  same,  the  velocity  of 
the  stream  v/ould  be  much  reduced,  and,  from  the  slow  motion  and 
reduced  volume,  the  water  would  get  warm  and  evaporated  to  a  muck 
greater  degree ;  the  germination  of  animal  and  vegetable  life  would  be 
promoted,  which  would  corrupt  and  further  diminish  the  volume  of 
water,  so  that  in  a  very  dry  season  it  is  probable  that  only  one-half  the 
remainder  would  reach  Teddington  Weir,  and  in  anything  but  a  whole- 
some state ;  indeed,  if  such  circumstances  were  to  occur  in  a  warmer 
climate  than  rur  own,  an  abstraction  of  one-half  of  a  river,  so  far  from 
the  tides,  would  often  prevent  the  other  half  reaching  so  far  ;  I,  there- 
fore, consider  it  very  important  to  preserve  the  stream  of  the  Thames 
entire,  cool,  and  clean,  that  its  water  should  be  permitted  to  flow  in  one 
united  stream  till  at  or  near  to  the  tidal  compartment  of  the  river. 

20.  If  the  water  were  permitted  to  be  taken  from  the  Thames  above 
the  influence  of  the  tides,  where  do  you  conceive  it  would  be  most  expe- 
dient to  take  it  from  ? — As  near  above  Teddington  Weir  as  local  cir- 
cumstances would  permit;  and  as  the  supply  of  water  to  the  Thames 
must,  to  a  considerable  extent,  be  pumped,  whether  abstracted  at  Maple- 
durham  or  Twickenham,  it  would  be  an  important  point  to  reduce  the 
expenditure  of  steam-power,  in  lifting  the  water,  as  low  as  possible,  and 
for  that  purpose  getting  rid,  to  the  greatest  extent,  of  friction  to  the 
pipes  conveying  the  waters  to  the  reservoirs  for  distribution  ;  and, 
looking  at  the  problem  as  a  miner,  I  have  little  hesitation  in  prefering- 
the  principle  of  action  propounded  by  Mr.  Philip  Taylor  in  1824,  who 
proposed  to  supply  London  with  pure  water  from  the  Thames  at  a 
point  to  be  selected  near  Twickenham,  and  conveying  it  thence  in  a 
brick  culvert  or  tunnel  for  nine  miles,  until  it  reached  the  site  of  appro- 
priate reservoirs  near  Hampstead,  np  to  which  it  would  be  pumped, 
perpendicularly  through  shafts  provided  for  that  purpose,  by  powerfiil 
engines  on  the  Cornish  principle;  and  he  justly  stated,  tlrat  the  forcing 
water  through  a  great  length  of  iron  pipes  up  inclined  planes,  was 
attended  with  so  much  friction,  that  one-fourth  of  the  expense  would  be 
saved  by  a  direct  perpendicular  rift ;  but  how  much  of  the  saving  would 
be  due  to  the  superior  kind  of  engine,  and  how  much  to  the  dimi- 
nished friction,  did  not  e-xactly  appear.  There  can  be  no  doubt,  on  Mr. 
Taylor's  plan,  the  steam  power  coidd  be  used  with  the  best  effect. 
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KVoich.  and  with  no  other  friction  from  pipes  than  those  constitutinjr  pumps  • 
approving  of  Mr.  Taylor's  principle,  probably  the  details  miffht  be  im- 
proved upon,  though  I  sincerely  trust,  that  be  its  merits  what  they  may, 
Uiey  Will  not  form  a  sufficient  inducement  to  use  the  water  from  the 
Thames  for  supplying  the  metropolis,  until  other  and  better  sources 
have  been  found  insufficient, 

21.  What  objections  have  you  to  taking  water  from  the  River  Thames 
above  the  tidal  range  for  the  supply  of  London  ?— There  appears  to  me 
many  important  objections  to  abstracting  the  Thames  water  if  to  be 
obtained  in  a  sufficient  quantity  from  other  sources.  First,  I  conceive 
the  purity  of  the  water  of  the  Thames  between  Battersea-bridge  and  | 
Blackwall  to  be  essential  to  the  sanitary  condition  of  the  population 
located  on  its  banks ;  that  for  many  years  I  conceive  it  has  been  be- 
coming  more  impure ;  and  that  its  safety  from  a  worse  fate  is  chiefly  due 
to  the  amount  of  fresh  water  delivered  daily  over  Teddington  Weir  into 
the  tidal  compartment  of  the  river;  that  the  increasing  impurity  of  the 
river,  in  the  section  alluded  to,  is  manifest  to  many  who  have  had  occa- 
sion to  observe  it ;  nor  can  the  fact  be  denied,  since,  through  the  constant 
increase  of  population,  the  refuse  delivered  into  the  river  must  be  in  the 
same  proportion,  while,  on  the  other  hand,  the  quantity  of  water  ab- 
stracted, both  above  and  below  Teddington,  by  Avater  companies  has 
diminished  more  and  more  the  amount  of  the  diluting  and  scouring  fluid, 
leaving  the  remainder  more  and  more  charged  with  foul  ingredients. 
For  sake  of  argument,  let  it  be  supposed  that  the  whole  stream  of  the  i 
Thames  which  is  now  delivered  over  Teddington  Weir  were  abstracted, 
what  would  be  the  consequence  ? — The  tides  would  then  return  on  the 
flood  precisely  the  same  quantity  they  took  away  on  the  ebb,  and  pro- 
bably the  very  same  water ;  and  it  is  easy  to  conceive,  under  such  cir- 
cumstances, how  soon  the  state  of  the  river  would  become  insufierable. 
Now,  if  taking  away  the  whole  would  constitute  so  palpable  an  evil, 
taking  away  one-half  or  one-third  would  only  be  creating  an  evil  less  in 
amount  in  these  proportions  ;  or  we  may  put  the  question  in  another 
point  of  view — suppose  that  in  lieu  of  a  moveable  dam  of  tide  water  at 
Blackwall,  there  was  a  solid  weir  there,  and  that  no  fresh  water  was 
delivered  at  Teddington  into  the  fresh  water  lake,  so  created  and  ex- 
tending from  Blackwall  to  Teddington,  it  would  be  manifest  how  soon 
such  a  lake  would  become  thoroughly  foul  and  pestilential,  and  in  either 
case  it  must  be  seen  how  vast  is  the  importance  to  London,  that  the 
volume  of  water  delivered  at  Teddington  should  be  preserved  intact : 
the  quantity  delivered  in  summer  weather  amounts  to  about  three  million 
cubic  yards  per  diem,  while  the  contents  of  the  lake,  which  has  just  been  i 
assumed  as  extending  to  Blackwall,  may  be  estimated  roughly  at  130  I 
millions  of  cube  yards,  and  therefore  requiring  43  days'  delivery  for  its  i 
entire  replenishment ;  but  if  we  were  to  suppose  one-third  of  the  supply  | 
to  be  taken  away  above  Teddington,  it  would  require  65  days  to  replenish  I 
the  lake.  The  health  and  comfort  of  the  Metropolis,  I  conceive,  so  mate- 
rially to  depend  on  keeping  Avhat  may  be  called  the  fresh  water  tidal 
department  of  the  river  (or  that  extending  from  Teddington  to  Black- 
wall)  as  pure  as  circumstances  will  permit  of,  as  to  impose  the  necessity 
of  obtaining  our  supplies  of  water  for  domestic  purposes  from  every 
other  source  rather  than  the  river  itself;  and  I  think  it  may  be  shown 
that  the  waters  which  the  Lea  and  the  Darenth  rivers  discharge  into  the 
Thames  below  Blackwall  yield  about  17  millions  of  cube  feet  per  day, 
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or  more  than  double  the  quantity  now  supplied  to  London.  Further,  I  Capt.vetch. 
conceive  that  were  the  bed  of  the  Thames  below  Teddington  deprived 
of  its  usual  supply  of  land  water,  it  would  gradually  silt  up,  and  that 
the  navigation  downwards  would  become  seriously  injured.  I  object  to 
takinf  the  water  of  the  Thames  for  the  use  of  the  Metropolis,  because 
as  £jood  or  better  may  be  obtained  at  >  much  higher  level  and  shorter 
distance  off;  and  that,  were  all  other  circumstances  indifferent,  the 
water  of  the  Lea  is  to  be  preferred  to  that  of  the  Thames.  From  the 
River  Lea,  at  a  height  of  148  feet  above  Trinity  mark,  and  at  a  dis- 
tance of  only  14  miles  from  the  skirts  of  London,  a  large  supply  of 
water  may  be  obtained;  whereas  the  height  of  the  river  Thames  at 
Mapledurham  is  but  112  feet  above  Trinity  mark,  and  at  a  distance  of 
40  miles  from  the  outskirts  of  London ;  so  that  for  Thames  water  we 
must  go  three  times  the  distance  and  receive  the  same  at  an  altitude  less 
by  36  feet. 

22.  Are  you  not  aware,  that  in  the  northern  districts  of  England  the 
practice  is  extending  of  taking  the  surface  waters  for  the  use  of  towns  ? 
— I  am  aware  that  of  late  years  the  system  is  extending-  of  storing  sur- 
face waters  for  the  supply  of  the  northern  towns,  and  that  there  are  now 
several  Bills  before  Parliament  for  such  purposes.  The  plan  pursued 
appears  to  be  that  of  throwing  dams  across  upland  valleys,  and  so  form- 
ing artificial  lakes,  and  storing  rain-water  that  would  otherwise  run  to 
waste,  the  method  is  similar  to  what  has  been  extensively  resorted  to  in 
this  country  for  the  supply  of  water  to  our  canals,  and  which  I  have 
seen  practised  in  foreign  parts  (where  the  rains  are  periodical),  for  the 
supply  of  townf ,  farms,  and  factories ;  and  where  the  necessary  tanks  are 
deep  and  extensive,  the  water  is  preserved  clear,  and  is  often  superior  to 
river  water. 

23.  Have  you  had  opportunities  for  observation,  as  to  the  surface  for 
gathering  grounds  within  20  miles  of  the  metropolis? — The  surface 
strata  within  20  miles  of  London  are  generally  of  an  absorbent  nature, 
being  chiefly  composed  of  beds  of  chalk  and  sand,  which  readily  receive 
the  rains  and  convey  them  to  subterranean  reservoirs.     The  portions 
of  retentive  soils  within  20  miles  of  the  metropolis,  such  as  the  blue 
and  plastic  clays  of  the  London  basin,  as  far  as  my  observations  go,  are 
of  limited  extent,  and  being  in  the  vicinity  of  arable  land  and  a  thick 
population,  not  available  to  any  important  extent  of  the  object  in  viev/, 
and  thus,  though  the  strata  within  20  miles  of  London  are  well  stored 
with  subterranean  waters,  which  may  be  obtained  by  driftways,  the  sur- 
face is  not  favourable,  in  my  opinion,  for  the  storage  of  rain-water : 
there  is,  however,  no  doubt  that  much  water  that  now  runs  to  waste  in 
winter  may  be  saved  for  summer  use,  by  throwing  dams  across  some  of 
the  deeper  valleys  drained  by  the  tributaries  of  the  rivers  Lea  and  Colne, 
and  where,  if  even  leakage  should  take  place  in  reservoirs  so  formed, 
the  escape  of  water  would  serve  to  augment  the  supply  of  many  useful 
springs  elsewhere.    I  am  induced  also  to  believe,  though  I  cannot  speak 
decidedly,  that  considerable  quantities  of  water  might  be  stored  on  the 
area  drained  by  the  Mole  and  its  tributaries  above  Betchworth. 


Henry  Marten,  Esq.,  examined.  Mr.  Marten. 

1.  You  are,  I  believe,  an  engineer? — I  am. 

2.  With  whom  did  you  serve  your  time  ? — With  Mr.  Wicksteed,  the 
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r-Wnrtcn.  engineer  of  the  East  London  Water  Works ;  whilst  with  him  I  assisted 
in  the  construction  of  the  Hull  Corporation  Water  Works,  and  was 
afterwards  appointed  by  him  to  see  his  plans  carried  out  for  the  con- 
struction of  the  Wolverhampton  Water  Works. 

3.  Smce  their  completion  have  you  had  those  works  under  vour 
charge  as  resident  engineer?^ — I  have. 

4.  Will  you  describe  the  works?— They  are  situated  at  Tettenhall, 
a  small  village  about  2  miles  from  Wolverhampton ;  the  supply  is 
drawn  from  the  new  red  sandstone  formation,  and  is  forced  from  a 
depth  of  about  120  feet  below  the  surface  of  the  ground,  over  a  stand- 
pipe  180  feet  in  height,  the  top  of  which  is  about  100  feet  above  the 
highest  part  of  the  to^vn.  They  were  commenced  in  1845,  and  were 
wholly  constructed,  both  in  their  mechanical  and  distributory  arrange- 
ments, for  carrying  out  the  principles  of  the  intermittent  supply. 

5.  What  is  the  quality  of  the  water  ? — Since  we  have  been  giving  a 
supply  there  has  been  no  analysis  of  the  water  made,  but  the  Wolver- 
hampton Company  originally  decided  upon  it  in  consequence  of  its 
haying  been  found  by  Mr.  Aikin  to  be  the  best  of  12  samples  from  the 
neighbourhood.  Sandstone-water  generally  ranges  from  16  to  21  de- 
grees of  hardness  ;  and,  as  Mr.  Aikin  stated  this  to  be  singularly  free 
from  carbonate  of  lime,  I  believe  it  to  be  of  a  good  average  quality. 

6.  Has  there  been  recently  any  change  in  the  mode  of  water  supply? 
— Yes.  The  intermittent  system  continued  in  force  about  2  years  from 
the  time  of  opening  the  works  early  in  1847,  but  the  company  found 
the  encouragement  they  met  with  und'erthis  system  so  extremely  limited, 
and  the  objections  ra'ised  against  it  so  numerous,  that  fhey  at  length 
determined  to  abandon  it;  and  early  last  year  they  introduced  the 
method  of  constant  supply.  The  change  has  met  with  decided  success  ; 
and,  to  show  the  unpopularity  of  the  intermittent  system  of  supply, 
although  the  houses  within  the  district  commanded  by  these  works 
number  upwards  of  7000,  yet,  during  the  period  the  company  endea- 
voured to  urge  its  adoption,  they  did  not  obtain  more  than  600  cus- 
tomers, or  an  average  of  26  per  month.  On  the  adoption  of  the  constant 
supply,  however,  an  immediate  increase  took  plaee,  so  that,  in  the  12 
months  during  which  it  has  been  in  operation,  our  customers  have 
increased  from  600  to  more  than  1750,  or  at  the  average  rate  of  96  per 
month.  I  should  observe,  that  although  the  system  of  constant  supply 
was  introduced  early  in  1849,  yet,  being  tried  as  an  experiment  only,  it 
was  not  officially  announced  until  the  1st  of  January  this  year.  Notwith- 
standing this  disadvantage,  however,  the  ratio  of  increase  under  this 
system  has  been  270  per  cent,  greater  than  under  the  old  plan.  The 
above  facts  may  be  taken  as  a  fair  test  of  its  superior  adaptation  to  the 
domestic  wants  of  the  public.  The  non-success  of  the  iniermittent 
system  is  not  attributable  to  any  want  of  canvassing,  as  every  house  in 
the  district  was  visited  during  the  time  it  continued  in  force,  and  great 
exertions  were  made  to  obtain  customers. 

7.  Will  you  state  some  of  the  particular  facts  with  regard  to  the  inter- 
mittent supply  which  came  nnder  your  notice,  and  which  led  you  fo 
adopt  the  constant  system  ?— We  found  that  people  felt  little  inclined  to 
"•0  to  the  expense  and  inconvenience  of  erecting  tanks  in  which  the 
water  was  to  stagnate  during  the  greater  ])art  of  the  day,  when,  with  a 
little  extra  exertion,  they  could  always  draw  a  constant  supply  fresh 
from  the  pumps.    In  many  places,  in  the  more  densely  populated  parts 
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of  the  town,  there  was  no  room  on  the  premises  for  the  erection  of  a  Mr.  Marten, 
tank,  and  when,  in  consideration  of  these  circumstances,  the  company 
did  not  enforce  the  rules  in  this  respect,  it  was  found  to  be  a  great 
inconvenience  to  wait  the  particular  times  and  seasons  when  the  water 
mi"-ht  be  turned  on.  In  this  case  also  the  necessity  of  making  use  of 
the"  various  domestic  vessels  (which  could  ill  be  spared)  to  hold  the 
day's  supply  was  felt  and  complained  of  as  a  hardship.  The_  inter- 
mittent system  also  gave  great  dissatisfaction  in  those  districts  which  did 
not  receive  their  supply  until  the  afternoon ;  these  complained  that  they 
did  not  obtain  the  same  advantage  as  their  more  fortunate  neighbours,  who 
received  their  supply  in  the  morning.  These  instances  illustrate  the 
principal  classes  of  objections  raised  against  the  intermittent  system, 
and  all  of  w^hich  more  or  less  retarded  its  progress,  and  at  last  led  to 
its  abandonment. 

8.  Then,  commercially  considered,  looking  solely  at  the  interests  of 
a  new  Company,  the  intermittent  system  of  supply  for  such  a  district  is 
erroneous? — Decidedly  so;  in  some  towns,  where  it  is  exceedingly  diffi- 
cult to  obtain  good  water,  this  system  may  no  doubt  have  met  with  general 
adoption ;  but  in  a  town  like  Wolverhampton,  built  upon  the  sandstone,  and 
where  water  of  a  tolerably  good  quality  may  be  obtained  at  a  moderate  cost, 
it  can  never  succeed,  the  public  will  not  be  troubled  with  it.  In  the  one 
case  the  public  must,  from  necessity,  put  up  with  the  supply  provided  ; 
on  the  other  it  is  a  matter  of  choice  whether  they  take  it  at  all.  I  found 
that  under  the  intermittent  system  parties  only  took  the  water  where 
they  could  not  do  without  it,  whereas,  under  the  constant  system,  they 
are  often  supplied  for  convenience  sake,  where  there  are  good  pumps  and 
soft-water  cisterns  on  the  premises.  Another  inconvenience  attaching 
to  the  intermittent  system  of  supply  arises  from  the  water  during  the 
greater  part  of  each  day  lying  stagnant  in  all  the  sub-mains  or  service- 
pipes;  this  is  a  matter  of  material  importance  in  all  water  which  does 
not  readily  precipitate  a  protective  coating  on  the  inner  surface  of  the 
pipes,  as,  upon  being  confined  a  short  period,  it  acquires  a  disagreeable 
taste,  and  becomes  highly  discoloured  by  the  absorption  of  a  quantity  of 
oxide  of  iron  j  this  is  especially  the  case  in  sandstone-water,  and  is  a 
cause  of  much  dissatisfaction,  and  requires,  under  the  intermittent  sys- 
tem, that  the  services  should  be  washed  out  every  day  before  the  supply 
is  given  to  the  houses.  This,  of  course,  occasioned  a  great  and  useless 
waste, 

9.  Has  it  not  been  argued  that  this  stagnation  of  the  water  in  the  pipes 
under  the  intermittent  system  is  an  advantage  rather  than  otherwise  ? — 
Yes ;  it  has  been  stated  that  "  the  pipes  then  become  additional  settling 
reservoirs."  (See  answer  to  question  4515  in  Evidence  before  Health  of 
Towns  Commissioners,  1st  Report.)  Setting  aside  the  fact  that  water 
so  impure  is  actually  so  supplied  as  to  require  additional  settlement, 
stagnation  in  the  pipe  will  still  be  of  no  avail,  as,  if  the  pipes  are  not 
washed  out  previously  to  each  supply,  the  whole  of  the  sediment  m.ust 
be  again  stirred  up  by  the  incoming  water,  and  driven  into  the  tanks  of 
the  houses  to  be  supplied.    If  however  the  pipes  are  washed  out,  the 

.  whole  advantage  of  the  settlement  is  likewise  lost,  as  the  fresh  water 
from  the  mains  in  driving  out  the  sediment  will  likewise  drive  out  the 
clear  water  with  it,  and  its  place  and  the  consumers'  tanks  will  be 
supplied  with  water  in  which  the  process  of  settlement  has  still  to  be 
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•  completed.  No  advantage  therefore  can  possibly  be  derived  from  the 
intermittent  system  on  this  ground,  even  in  those  waters  where  a  tem- 
porary stagnation  may  not  be  a  material  evil.  At  Wolverhampton  I 
found  this  a  great  disadvantage. 

10.  Before  the  change  in  the  mode  of  supply  took  place,  what  was 
the  daily  rate  of  consumption?— The  average  gross  consumption  under 
the  intermittent  system  was  128  gallons  per  house  per  diem.  By  gross 
consumption  is  meant  the  daily  average  of  the  whole  quantity  of  water 
dehvered  and  distributed  amongst  the  tenants  of  the  company  independ- 
ently of  the  purpose  for  which  it  is  used.  It  includes  therefore  not 
only  the  domestic  supply,  but  the  proportion  used  by  large  consumers, 
brewers,  manufacturers,  &c.,  and  the  quantity  used  for  street-watering, 
sewer-flushing,  and  waste.  Hitherto  in  comparing  the  water  supply  of 
one  town  with  another  it  has  been  customary  to  refer  to  the  gross 
average  consumption  as  a  standard  to  test  the  relative  merits  of  the 
"  domestic  supply."  This  however  can  never  be  ascertained  by  a  com- 
parison of  the  gross  consumption,  as  the  domestic  supply  proves  but  a 
small  item  in  the  quantity,  and  a  town  with  a  very  much  larger  gross 
consumption  may  not  receive  nearly  so  good  a  domestic  supply  as  one 
in  which  the  gross  consumption  is  much  less.  Thus,  for  instance,  the 
gross  consumption  supplied  by  the  London  companies  is  very  large, 
larger  I  believe  than  in  any  other  town  in  the  kingdom.  The  domestic 
supply  however  by  no  means  follows  the  same  proportion  ;  and  I  believe, 
on  the  proper  deductions  for  large  consumers,  waste,  &c.,  being  made  on 
the  gross  consumption,  it  would  be  found  that  there  are  many  provincial 
towns  which  receive  a  very  much  better  domestic  supply.  From  various 
observations  I  have  been  enabled  to  make,  and  the  accurate  accounts 
kept  at  Wolverhampton  of  the  water  delivered,  I  estimate  the  gross  con- 
sumption of  128  gallons  per  house  per  diem  may  be  divided  into  the 
following  items : — 

Gallons. 

To  street-watering  and  town  purposes    .       .  .20 
To  trades  and  large  consumers     .       .       .  .42 
To  washing  out  service-pipes,  waste  in  houses,  &c.  .  31 
To  "  domestic  supply  "  (that  is,  to  water  actually 
used  for  various  domestic  purposes)  .       .  .35 

Total  128 

11.  What  has  been  the  rate  of  consumption  since  the  change  ? — Since 
the  change  the  average  gross  consumption  has  been  gradually  decreas- 
ing, and  during  the  last  three  months  has  not  exceeded  79  gallons  per 
house  per  diem,  thus  presenting  a  decrease  of  39  per  cent.,  as  compared 
with  the  consumption  under  the  intermittent  system.  This  great  de- 
crease is  doubtless  partly  owing  to  the  water  required  for  street-watering 
and  for  town  purposes,  and  for  trades  and  large  consumers,  not  having 
increased  in  the  same  ratio  as  the  number  of  houses. 

Of  the  total  decrease  of  49  gallons  per  house  per  diem,  I  estimate 
that  22  are  due  to  this  cause,  and  allowing  the  same  amovmt  of  water  to 
be  actually  used  (35  gallons  per  house  per  diem)  Ibr  domestic  purposes, 
under  the  present  as  under  the  intermittent  system,  the  saving  of  waste 
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in  the  domestic  consumption,  washing  out  pipes,  &c.,  will  be  27  gallons 
per  house  per  diem. 

The  following  statement  shows  the  amounts  due  to  the  various  items 
of  consumption  under  the  constant  system,  which  makeup  the  total  gross 
■consumption  of  79  gallons  per  house  per  diem. 

Gallons. 

To  street-watering  and  town  purposes    ...  7 
To  trades  and  large  consumers      .       .        .  .33 
To  washing  out  service-pipes,  waste  in  houses,  &c.  4 
To  "  domestic  supply,"  that  is,  to  water  actually  used 
for  various  domestic  purposes    .       .       .  .35 

79 

12.  Will  you  state  some  of  the  particular  causes  of  waste  which 
you  found  to  accrue  under  the  intermittent  system  ? — When  the  supply- 
was  intermittent   people   drew  much  more  than  they  actually  re- 
quired, in  order  to   meet  any  contingency  that  might  arise  before 
the  next    supply   came   on.     Now,    however,    having   the  water 
always  at  command,  they  draw  only  the  quantity  really  necessary 
for  domestic  purposes.    Ball-taps  also  would  frequently  stick  and  be 
out  of  repair,  so  that  the  water  would  be  running  away  full  bore  the 
whole  time  it  was  turned  on.    The  common  practice  of  leaving  the  taps 
open,  so  that  parties  might  have  the  first  intimation  of  the  water  being 
turned  on,  was  also  a  great  source  of  waste,  the  taps  being  frequently 
neglected.    At  the  Hull  Water  Works,  constructed  on  principles  similar 
to  these,  but  where  the  intermittent  system  of  supply  is  still  continued 
this  IS  found  to  be  very  much  the  case.    The  engineer,  writino-  on  the' 
26tti  December  last  to  the  '  Hull  Packet'  in  reply  to  some  complaints 
as  to  the  msufficiencyof  the  supply,  states  that  "in  the  summer-time 
It  (the  water)  is  turned  on  at  6  a.  m.,  but  later  at  this  season,  as  the 
inhabitants  are  not  up  to  receive  it  at  that  time,  and  leave  the  taps  run- 
ning to  waste /or  an  hour  or  more  before  they  set  up;  even  as  it  is  a 
great  quantity  of  water  is  wasted  in  this  manner^'    This,  like  the  sta'"-- 
nation  of  the  water  in  the  pipes,  has  also  been  urged  as  an  advantage 
attorded  by  the  intermittent  system,  inasmuch  as  the  surplus  will  tend 
to  keep  the  drams  and  sewers  in  a  clearer  state.    A  due  consideration  of 
the  circumstances  affecting  the  water  supply  and  sewerage  will,  however 
prove  that  no  advantage  is  derived  on  this  score,  as,  when  the  sewer- 
age is  perfect  the  quantity  of  water  used  under  the  constant  system 
will  be  ample  to^  keep  the  drains  free  from  deposit,  and  where  the 
sewerage  is  defective,  as  is  unfortunately  the  case  in  most  towns  in  the 
kingdom  a  wasteful  supply  is  only  a  great  public  nuisance, 
all  ^n'  ^°"«^^y°^  supply  P-We  supply  houses  of 

10/.  rent^^^^^^  "manufacturing  districts,  are  under 

tim^e^w.^^^r'  P'°P0'"t'O"  «f  <i-a<ies  to  large  consumers  ?-At  the 

sumpr     "P''^  ''I  ^"PP'y  system,  the  trades  and  large  con! 

pTceS  ^  they  now  num- 

adf  [o^he  raL^npf^fT^'f to  waste  very  much 
"  to  the  dampness  of  the  town,  as  there  are  no  dains  in  Wolver- 
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Mnrten.  hampton  ? — Yt's,  very  much  so,  especially  in  the  small  ill-paved  and 
ill-drained  courts  attached  to  the  houses  of  the  lower  class.  The  con- 
stant opening  of  the  cleansing  plugs  in  the  streets  where  ihere  were  no 
good  gutters  or  sewers  was  very  inconvenient. 

16.  Will  you  descrihe  whether  any  serious  difficuUies  or  obstruc- 
tions have  been  found  in  making  the  changes? — I  have  found  no  serious 
difficulty  or  obstructions  in  introducing  the  constant-supply  system. 

l'^.  Will  any  alterations  or  additions  be  necessary  in  the  pumping 
department? — YeS,  in  this  department  it  will  be  necessary  to  construct 
an  elevated  reservoir,  our  head  to  supply  the  town  being  at  present 
obtained  by  forcing  the  water  over  a  high  standpipe  only.     This,  in 
principle,  is  exactly  similar  to  a  minute  reservoir,  capable  of  holding 
a  few  gallons  only  instead  of  one  or  two  days'  supply,  but  is  subject  to 
many  practical  inconveniences.    The  supply  of  the  town,  in  this  case, 
depends  entirely  from  minute  to  minute  upon  the  mechanical  perfec- 
tion of  the  engines,  and  the  care  and  steadiness  of  the  men  employed 
to  work  them.  The  springing  of  a  single  bolt,  or  a  very  slight  accident 
to  certain  parts  of  the  machinery,  may,  in  this  case,  entirely  suspend  the 
supply  of  the  town  for  a  very  cg^isiderable  period.     The  standpijie 
system  is  also  a  very  expensive  plan,  the  engine  having  to  be  worked, 
or  to  be  in  constant  readiness  to  work,  at  a  moment's  notice,  both  day 
and  night.  This  is  necessary  not  only  under  the  constant  but  under  the  in- 
termittent system  of  supply,  because,  although  all  the  houses  may  be  shut 
off,  the  pressure  has  still  at  all  times  to  be  kept  up  in  the  maiuii  to  give  a 
supply  in  case  of  fire.  It  is  necessary  on  this  account  to  employ  a  double 
set  of  enginemen  and  stokers,  and  to  incur  experjsive  overtime  when  any 
little  repair  has  to  be  executed.    To  show,  also,  in  a  still  clearer  light 
the  expense  nf  the  standpipe  system :  at  these  works  the  engine  is  of 
sufficient  power  to  raise  the  whole  supply  for  a  week's  consumption  in 
30  hours,  whereas,  by  having  no  other  elevated  storage-room  than  that 
contained  in  the  standpipe,  the  engine  is  obliged  to  be  worked  during 
168  hours  to  deliver  this  quantity.  With  a  standpipe  only  the  speed  of  the 
engine  has  to  be  altered  and  regulated  with  every  variation  of  the  draught 
on°the  mains.    And  again,  although  the  mains  are  constructed  to  dehver 
a  very  much  larger  quantity  than  the  engine  can  pump  at  any  one  time, 
the  parties  supplied  can  derive  no  advantage  from  this,  as  they  can 
never  draw  the  water  faster  than  it  is  pumped.     Thus  the  standpipe 
system  limits  the  variations  of  draught  that  can  take  place  in  the  mains  to 
the  speed  of  the  engine,  instead  of  the  velocity  due  to  the  head  to  which 
the  water  is  actually  raised.  The  expense  and  inconvenience  of  the  stand- 
pipe  system  was  found  to  be  so  great  at  these  works  that  it  was  determined 
to  construct  a  reservoir,  even  had  the  company  contemplated  contmumg 
the  intermittent  plan  of  supply;  and  wherever  the  construction  of  an 
elevated  reservoir  is  possible,  and  there  are  very  few  cases  in  which 
it  is  not,  preference  should  be  given  to  this  instead  of  the  standpipe. 

18.  What  alteration  did  you  find  necessary  in  the  distributory  de- 
partment ?— I  find  that  very  little  alteration  is  necessary.  The  leading 
main  laid  down  for  giving  the  intermittent  supply  vvill  be  amply  suffi- 
cient for  giving  the  constant  supply.  The  capacity  of  the  submains  and 
services  will  also  be  ample ;  these  latter  were  all  calculated  (or  deli- 
vering the  whole  of  the  day's  supply  in  the  very  small  period  ot 
the  24  hours,  and  there  can,  therefore,  be  no  doubt  but  that  they  will  lie 
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sufficient  to  deliver  the  less  quantity  required  by  the  constant  supply,  Mr.Martesa^ 
especially  when  its  delivery  is  spread  over  the  whole  day.    The  only  — 
material  alteration  I  propose  making  in  this  department  is  to  connect  as 
many  of  the  present  dead  ends  of  the  pipes  as  possible,  so  as  to  keep  up 
a  free  circulation.  The  advantages  of  this  alteration  will  be  more  readily 
seen  by  considering  the  plan  at  present  adopted  in  laying  down  water- 
pipes  for  the  supply  of  a  town.    The  line  of  the  principal  main  having- 
been  marked  out,  the  submains  and  services  are  branched  out  from  it  in 
various  directions  like  the  boughs  of  a  tree  from  the  main  trunk.  The 
consequence  of  this  arrangement,  which  is  a  necessary  evil  under  the  in- 
termittent system,  is,  that  a  great  many  dead  ends  are  formed,  in  each 
of  which  there  is  constantly  a  quantity  of  water  stagnating,  which  soon 
becomes  uiifit  for  use,  and  must  be  washed  out  at  a  great  waste  of  water. 

19.  You  state  that  the  mains  laid  down  for  giving  an  intermittent 
supply  will  be  amply  sufficient  for  giving  a  constant  supply :  have  you 
made  any  experiments  on  this  point,  relative  to  the  draught  on  the  mains 
at  Wolverhampton  during  various  periods  of  the  day  ?— I  have  lately 
done  so,  and  present  the  results  of  these  experiments  in  the  following 
table,  which  is  also  confirmed  by  the  results  of  a  similar  series  of  expe- 
riments conducted  in  other  towns  in  whcih  the  constant  supply  is  in 
operation. 

The  first  column  shows  the  period  between  which  each  observation 
was  made;  the  second  the  percentage  of  the  whole  "  gross  consump- 
tion for  the  twenty-four  hours  delivered  between  those  periods  •  and 
the  third  the  number  of  hours  which  would  be  occupied  in  deliverinar 
at  that  rate  the  waole  consumption  for  the  day. 

_  The  results  stated  in  the  table  are  the  average  of  a  series  of  observa- 
tions extending  over  the  period  of  one  week. 


Bla!pT/  "P'''^''  t^^*  the  greatest  consumption  takes 

SnooTdn  '^'''".'"u  '""'^'^  and  four  in  the 

alternoon,  during  which  periods  the  draught  reaches  to  nearly  8  per  cent 
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Mf.  Marten.  upoTi  the  gross  Consumption,  and  would  require  the  mains  to  be  of  a 
—  capacity  to  deliver  the  whole  supply  for  the  twenty-four  hours  in  twelve 
or  thirteen.  The  greatest  draught  takes  place  on  the  Saturday,  when  there 
is  the  most  j^eneral  cleaning  up.  On  the  forenoon  of  this  day,  between 
eleven  and  twelve,  the  draught  reached  to  nearly  1 1  per  cent,  of  the  day's 
consumption,  which  would  require  the  mains  to  be  of  a  sufficient  capa- 
city to  deliver  the  whole  consumption  in  a  little  more  than  nine  hours. 
This  is  the  greatest  rate  of  consumption  observed.  Now,  under  the 
intermittent  system,  it  has  been  the  general  practice  to  lay  down  the 
mains  of  sufficient  capacity  to  deliver  the  whole  day's  supply  m  six  or 
eight  hours,  so  that  they  will  be  amply  sufficient  under  the  constant 
system,  even  when  the  draught  is  at  the  greatest. 

20.  You  are  of  opinion  also  that,  with  a  free  circulation,  less  oxida- 
tion goes  on  ?— Yes  ;  oxidation  appears  to  take  place  in  proportion  to 
the  length  of  time  the  water  lies  stagnant  against  the  sides  of  the  pipes  ; 
but  by  the  proposed  arrangement,  the  whole  of  the  pipes  being  con- 
nected together  wherever  possible  so  as  to  form  a  great  network,  a  tree 
circulation  is  kept  up,  the  water  always  tending  m  all  the  pipes  to 
the  point  of  greatest  draught.  Thus,  also,  a  uniform  qualitij  oUsaitr  is 
maintained  throughout  the  whole  town,  and  the  pipes,  being  fed  at  both 
ends,  may  be  made  proportionably  smaller.  ,     •  i 

21.  You  think,  therefore,  that  it  is  very  important  to  have  the  circula- 
tion active  ?— Yes.  It  presents  many  advantages,  and  m  those  cases  m 
which  I  have  applied  this  method  it  has  answered  admirably. 

22.  Is  there  any  other  alteration  you  propose  making  m  this  depart- 
ment'—I  propose  to  make  the  guard-cocks  on  the  submams  and  ser- 
vices much  more  numerous  than  under  the  intermittent  system,  placing 
them  at  an  average  distance  of  not  more  than  .50  yards  apart ;  all  the 
cocks  should  be  double-faced,  so  as  to  shut  off  the  water  either  way. 
This  arrangement  overcomes  a  difficulty  that  might  sometimes  prove  of 
consequence,  were  the  constant  supply  given  through  the  old  intermittent 
pipes,  as  in  this  case  the  repair  of  a  single  pipe,  or  the  laying  on  of  one 
fresh  house,  might  occasion  the  stoppage  of  supply  to  an  extensive 
district.  Under  the  proposed  arrangement,  however  this  will  not 
be  he  case ;  as,  by  shutting  down  the  guard-cocks  on  e^her  side  of  the 
T5lace  where  it  might  be  necessary  to  execute  any  repairs  &c.  he 
tenants  in  the  immediate  neighbourhood  only  would  be  deprived  of  the 
waters  Ind  could  in  no  case  have  to  go  more  than  a  few  yards  to  obtain  a 
Temporary  supply.  The  remainder  of  the  district  would  of  course  be  sup- 

the  other  ends  of  the  pipes.  „  ^  c 

^  23  Wha't  will  be  the  cost  of  the  proposed  alterations  ?-The  cost  of 
the  above  mentioned  alterations,  for  giving  the  constant  instead  of  he 
■  ntermittent  supply  at  Wolverhampton,  will  not  exceed  &d.  a-head  of  the 
nouula  S  with  n  the  district.  This  is  exclusive  of  the  reservoir  which 
Si^have  been  essential  to  the  -"timiance  of  th^  supp  3^^^^^^^^^^^  the  old 
system  ;  including  this,  — ,  th^^^^^^^^^^  P- 
:  t  Ter  r;  necetry  t^rtntroUon  of  the  constant 
supply  system  will  exceed  2..  per  head  of  the  population,  and  that  m 
ffeneral  it  will  be  found  much  under  this  amount. 

^  24  Whit  would  be  provided  under  that  charge  of  2.  per  head  ?- 
Whie  nor^  have  been  previously  provided  it  will  cover  the  expense  of 
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providing"  the  necessary  reservoirs  and  the  alteration  of  the.street-mains,  Mr.  Marten, 
with  the  introduction  of  the  additional  stop-cocks,  and  will  be  sufficient 
to  prepare  all  the  internal  house-fittings  for  the  reception  of  the  constant 
supply.  In  almost  all  towns  in  which  the  intermittent  supply  is  in  force, 
the  fittings  are  in  a  very  defective  state.  The  water  being  on  so  short  a 
time,  it  has  been  thought  hardly  worth  while  to  see  that  these  are  kept 
in  good  repair ;  and  consequently  they  will,  as  far  as  the  taps  and  stop- 
cocks are  concerned,  require  almost  a  complete  renewal.  The  useless 
piping  and  tanks  and  old  metal,  however,  which  may  be  removed  on 
the  introduction  of  the  constant  system,  will  more  than  pay  for  these 
matters. 

23.  Will  the  additional  outlay  above  mentioned  increase  the  cost  of 
raising  and  distributing  the  water  and  the  charge  to  the  consumer  ? — No. 
Had  the  works  at  Wolverhampton  been  constructed  at  first  with  a  view 
to  carry  out  the  constant  system,  there  is  no  doubt  they  could  have  been 
made  at  considerably  less  cost,  as  ft  is,  however,  the  additional  outlay 
will  not  require  any  increase  of  charge  to  the  tenant.  The  interest  of  the 
money  so  spent  will  be  fully  saved  in  the  reduction  of  the  eng-inemen  and 
turncocks'  wages-account,  in  the  smaller  consumption  of  engine-stores, 
in  having  to  pump  less  water,  and  in  being  enabled  to  deliver  it  in  less 
time  by  having  a  reservoir,  and  by  the  reduced  wear  and  tear  of  the 
cocks  and  pipes.  There  will  also  be  a  great  economy  in  all  future  exten- 
sions of  pipes. 

26.  You  state  your  belief  that  the  wear  and  tear  of  street-cocks  will  be 
less  under  a  system  of  constant  supply.  Have  you  observed  any  dif- 
ference in  the  wear  and  tear  of  these  in  streets  of  much  traffic  compared 
with  those  of  litMe  traffic  ?— I  have  not  observed  any  perceptible  dif- 
ference between  the  wear  and  tear  of  the  valves  of  cocks  placed  in  a 
street  where  there  is  much  traffic  as  compared  with  the  valves  of  those 
placed  m  streets  of  less  traffic  ;  but  in  the  former  case  the  iron  boxes 
which  cover  them  are  more  subject  to  injury,  and  we  find  them  some- 
times filled  with  dirt  or  "  sludge  "  from  the  road. 

27.  Supposing  the  levels  to  be  the  same,  will  not  the  strain  and  da- 
mage of  pipes  and  taps  from  the  hydraulic  jerks  be  greater  on  the  inter- 
mittent than  the  constant  supply  system  ?— Yes ;  because  under  the 
mterraittent  system  the  whole  pressure  of  the  works  is  brought  to  bear  upon 
one  particular  spot  with  a  suddenness  which  often  causes  considerable 
damage  from  the  recoil.  Under  the  constant  system,  however,  the  pres- 
sure will  only  vary  by  imperceptible  degrees,  and  there  can  be  no  erks 
on  the  mams  and  pipes.  In  the  houses  none  of  the  common  bib-taps 
should  be  allowed  to  be  used,  but  should  be  of  the  kind  termed  "  screw- 
down,    as  they  are  every  way  better  adapted  for  high  pressure,  and  do 

away  with  all  recoil.  .      «  ^ 

28.  What  are  the  variations  in  height,  or  different  heads  of  pressure 
at  which  the  supply  is  delivered  at  Wolverhampton  ?-The  greatest  ores- 
sure  is  about  200  feet,  and  the  least  100  feet  ^ 

nla^e'^  "^^t  ^        trj"^  ^""^^  ''^^'^        ^^^^^^^J  t^kes 

tion  fbrsno  .tt     ;  ^'^^f'^t''^  Hospital,  which  contains  accommoda- 
tion for  200  patients  is  the  highest  house  in  which  the  supplv  is  given 
the  top  of  which  IS  about  80  feet  below  the  top  of  the  standp^pl   "  * 
30.  It  appears  that  Wolverhampton  varies  in  level.    Ha^e  you  found 
any  occasion  to  "  withdraw  the  supplies  to  wasteful  districts,  and  those 
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Mr.  Marlon,  of  a  vcry  low.  level,  for  the  purpose  of  securing  a  more  full  discharge  at 
other  portions  of  the  town  at  high  elevations?  " — No.  I  do  not  under- 
stand the  term  "  wasteful  districts  :" — waste  and  leakage  imply  want 
of  repair  ;  and  when  this  is  the  case,  these  districts  should  at  once  be 
put  into  a  proper  state  for  receiving  a  supply,  and  not  attempt  a  half 
measure  by  wire-drawing.  When  all  the  pipes  and  taps  are  in  a  proper 
state  of  repair,  as  they  should  be,  the  draught  on  the  mains  under  the 
constant  supply  is  exceedingly  regular.  Wire-drawing  might  be  neces- 
sary where  the  constant  supply  is  given  through  the  old  fittings  erected 
under  the  intermittent  system,  and  from  which  the  leakage  must  be  very 
great. 

31.  Are  any,  and  what  expedients  u?ed  to  adjust  the  pressure  and 
rate  of  delivery  where  there  are  considerable  variations  in  the  heights  ? 
— I  have  not  found  it  necessary  to  make  use  of  any  particular  expedients 
at  the  Wolverhampton  works  to  adjust  the  pressure  and  rate  of  deliver}', 
excepting  that  in  the  lower  pans  of  the  town  where  ^-inch  service- 
pipes  are  inserted,  in  the  higher  parts  |-inch  are  used.  A  stop-cock  is 
inserted  in  each  house  service,  so  that,  if  any  inconvenience  should  be 
felt  from  the  pressure  being  in  any  part  too  great,  the  rate  of  delivery 
can  be  reduced  by  partly  shutting  the  cock. 

32.  Under  the  constant  supply  would  there  not  be. various  advantages 
in  using  the  hose  and  jet  for  washing  the  surface  of  the  streets  and  house 
fronts  ? — Yes,  it  could  be  very  readily  applied,  and  would  be  very  effec- 
tive where  the  paving  is  good,  in  washing  the  surface  of  the  streets 
and  the  footways.  We  occasionally  wash  down  the  front  of  a  large  inn 
in  the  market-place  in  Wolverhampton  in  this  way,  and  it  answers 
very  well,  completely  removing  the  dirt. 

33.  Then  you  have  no  reason  to  doubt  that  by  the  use  of  similar 
means  the  whole  face  of  the  houses  in  a  town  might  be  changed  from 
an  appearance  of  dirt  to  cleanhness  ?— No  doubt  they  might  be  washed 
in  this  way. 

34.  Have  there  been  fires  in  Wolverhampton  where  these  jets  have 
been  used? — It  was  used  at  one  fire,  and  by  its  ready  application  and 
the  great  force  of  the  water,  was  the  means  of  preserving  a  large  amount 
of  property  from  destruction ;  it  did  its  work  so  completely,  that  the 
owner  afterwards  informed  me  that  he  thought  the  water  had  damaged 
his  property  rather  more  than  the  fire. 

35.  The  jet  then  was  even  more  than  adequate? — Yes.  We  found, 
on  trying  some  experiments  for  the  satisfaction  of  a  Birmingham  fire- 
oflSce,  that  we  could  throw  the  water  from  a  jet-pipe  half  as  far  agam 
as  it  could  be  thrown  by  the  fire  engine,  which  it  took  14  or  15  men  to 
work.    We  can  throw  the  water  about  70  feet  from  the  ground  with  a 

■f -inch jet.  .  i  .j  j  ^^ 

36  What  is  the  expense  of  the  service-pipes  as  now  laid  down  on  tne 
constant  system  of  supply  as  compared  with  the  expense  to  tenants 
arising  from  cisterns,  &c.  under  the  intermittent  system  ?— I  find  the 
cost  of  laying  down  the  lead  service-pipes  from  our  mains  in  the  streets 
into  the  houses,  together  with  the  cost  of  stop-cocks,  bib-taps,  &c.  for 
giving  the  const-ant  supply,  averages  16*.  C^d.  per  house.  This  is  the 
average  made  upon  600  houses  laid  on  by  the  Company,  and  taken  con- 
secutively as  the  entries  nppear  in  the  Company's  books,  the  total 
cost  beino-  491^.  12*.    Had  tanks  been  required  to  these  houses  as 
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under  the  intermittent  system,  the  extra  cost  would  have  been  at  least  Mr. Marten. 
22s.  6d.  per  house.  The  extra  cost,  therefore,  on  this  head,  of  which 
these  houses  are  disburdened  by  the  introduction  of  the  constant  supply, 
is  675/.  Whence  from  the  above  facts  it  will  appear  that  the  cost  of 
laying  on  under  the  intermittent  system  is  136  per  cent,  greater  than 
under  the  constant  supply. 

37.  What  is  the  smallest  sized  pipej'ou  use? — I  have  not  been  in  the 
habit  of  using  anything  smaller  than  ^-inch,  althoug'h  I  know  such  to 
have  been  the  case  at  other  works.  I  find  a  |-inch  branch  main  more 
than  ample  to  supply  courts  containing  13  houses. 

38.  How  many  do  you  think  you  have  supplied  from  a  f-inch  main? 
— I  do  not  remember  an  instance  of  more  than  13  having  been  sup- 
plied from  a  single  |-inch  pipe,  but  I  should  not  hesitate  to  supply  20 
from  the  same  pipe. 

39.  Under  the  old  system  of  supply,  what  sized  pipe  should  you  put 
down  for  the  service  of  courts  like  this  you  have  mentioned  ? — I  cannot 
say  what  would  have  been  the  requisite  size  in  this  case,  as  under  the 
intermittent  system  many  parties  left  their  taps  running  the  whole  time 
the  supply  was  on,  so  that,  to  give  all  a  due  supply,  the  pipe  would 
have  been  required  of  considerable  dimensions.  Under  these  circum- 
stances ifois  the  practice  to  lay  down  a  H-inch  or  2-inch  pipe  for  the 
intermittent  supply. 

40.  Have  you  used  iron  service-pipes  instead  of  lead? — Yes,  occa- 
sionally ;  but  I  do  not  prefer  them,  as  I  have  found  them  more  uncer- 
tain and  more  liable  to  damage  from  frost  than  lead  pipes.  They  are 
not  so  readily  fixed  as  lead,  and  in  some  situations  a  rapid  and  de- 
structive corrosion  takes  place  which  eats  them  through.  I  liave  seen 
some  iron  tubing  glazed  on  the  exterior,  but  the  cost  is  considerably  in- 
creased in  this  case. 

41.  Will  you  state  what  would  be  the  expense  of  cisterns  for  first- 
class  houses  with  water  closets,  and  the  cost  to  tenants  of  each  class  of 
house  for  butts? — I  have  no  means  of  telling  precisely  the  average  cost  of 
cisterns,  &c.,  to  each  class  of  house,  but  it  will  vary  from  U.  up  to  501. 
or  60/.,  in  accordance  with  the  size  of  the  building  and  the  completeness 
of  the  fittings. 

42.  Will  you  contrast  the  expense  of  outdoor  tanks,  &c.,  with  such  a 
system  as  that  of  Eidgway's  fountain  sinks,  supposing  them  carried  into 
the  interior  of  each  room  ? — A  Eidgway's  fountain  sink  might  be  fixed 
complete  in  each  room  of  a  house  for  the  same  sum  as  is  now  often  spent 
in  the  erection  of  the  cumbrous  apparatus  required  under  the  inter- 
mittent system. 

_  43.  Also  in  the  case  of  first-class  houses,  whether  baths  and  fountain 
sinks  might  not  be  put  up  at  the  same  expense  as  these  tanks  and  other 
external  apparatus  ?— I  think  so.  The  expense  of  tanks,  &c.,  in  houses 
oi  this  description  is  often  very  great,  and  they  are  obliged  to  be  placed 
in  such  out  of  the  way  positions  that  the  expense  of  repairs  and  cleanino- 
becomes  considerable.  ° 
44.  Have  you  had  opportunities  of  observing  the  liability  of  the  water 
to  pollution  from  exposure  to  soot  and  dirt?— Yes.  Where  the  tanks 
are  situated  within  the  house,  the  water  soon  loses  its  freshness  and 
acquires  a  slimy  character,  and  when  exposed  outside  it  rapidly  accu 
mutates  on  its  surface  a  coating  of  the  impurities  invariablv  carried  in 
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Mr.  Marten,  tlic  atmosphere  of  towns.  In  some  waters  expoped  in  this  manne?, 
fermentation  quickly  appears  to  take  place,  succeeded  by  an  unwhole- 
some vegetation,  and  lastly,  the  development  of  animal  life.  1^'dtratioa 
may  clear  this  water,  but  cannot  restore  it  to  its  original  state.  In  the 
summer  time,  and  during  warm  damp  weatlier,  water  exposed  in  butts 
becomes  rapidly  foul,  and  this  takes  place  quicker  in  old  than  new 
tanks.  I  know  an  instance  in  which  a  butt  supplied  on  the  intermittent 
plan,  although  washed  out  three  times  a  week,  yet  could  not  be  kept 
clean  ;  at  the  end  of  the  second  day  a  green  scum  had  risen  to  the 
surface  of  the  water,  and  there  were  a  quantity  of  little  red  worms,  and 
I  was  informed  that  several  other  tanks  were  worse  than  this.  This 
occurred  in  the  neighbourhood  of  London.  At  Wolverhampton,  I  have 
observed  a  thick  yellow  scum  like  floating  sponge  given  off  by  the  water 
■when  retained  in  tanks,  and  the  water  has  acquired  an  unpleasant  taste. 
In  some  situations  water  is  rendered  still  more  unhealthy  by  its  power 
of  absorbing  noxious  gases,  so  that  people  not  only  live  and  breathe  in 
a  poisonous  atmosphere,  but  are  also  required  to  drink  it  condensed  in 
the  water. 

45.  Since  the  change  of  system  have  these  complaints  ceased? — 
Yes. 

46.  You  have  raet  with  little  real  occasion  for  the  retention  jjf  tanks? 
— No.  At  present  I  only  retain  them  for  waterclosets,  which  need  never 
be  more  than  boxes  about  18  inches  square  and  1  foot  deep.  The  object 
of  these  is  to  cut  off  any  direct  communication  between  the  main  and 
the  soil-pan,  so  as  to  prevent  the  possibility  of  any  drawbacks.  In  the 
supply  of  boilers,  &c.,  where  there  is  no  underground  cistern  or  jackets- 
pit,  I  also  require  them.  I  do  not  think  they  need  be  retained  for  any 
other  purposes. 

47.  In  respect  to  the  distributory  apparatus,  what  sized  pipes  would 
suffice,  in  your  opinion,  for  street  service  ? — As  regards  capacity,  I  think 
that  2-inch  pipes  would  be  sufficient,  but  I  never  lay  less  than  3-inch, 
as  there  is  scarcely  any  diffisrence  in  the  cost  of  these  and  the  smaller 
size.  This  size  also  leaves  a  margin  for  the  supply  of  any  parties  who 
may  require  a  large  consumption  after  the  pipes  are  laid. 

48.  Did  you  lay  down  the  pipes  in  the  centre  of  the  streets? — No; 
we  have  generally  had  to  occupy  either  one  side  or  the  other,  in  order  to 
leave  the'centre  of  the  road  for  the  construction  of  the  intended  sewers. 

49.  Will  you  estimate  what  the  cost  would  be  if  you  carried  the  pipe 
close  to  the  house  instead  of  the  present  system?— Supposing  the  case 
of  houses  in  a  street  of  an  average  class,  say  roadway  30  feet  wide,  with 
footpaths  6  feet  wide,  and  the  houses  of  21  feet  frontage,  and  30  feet 
deep  to  the  wash-houses.  Then  I  estimate  the  cost  of  laying  down  the 
cast-iron  service-pipe  in  the  centre  of  the  street,  with  cocks,  fire-plugs, 
&c.,  complete,  and  the  cost  of  a  4-inch  lead  branch  pipe,  with  taps,  &c. 
complete,  will  be  3/.  3*.  per  house.  If  there  was  a  line  ot  cast-iron 
service-pipes  down  each  side  of  the  street,  the  cost  per  house  would  not 
be  increased,  as  the  saving  in  branch  pipes  would  pay  for  the  otherwise 
increased  outlay.  . 

50.  Also,  what  would  it  be  if  you  had  the  distribution  like  back 
drainage  at  the  back  of  the  houses,  and  also  how  much  would  it  save  the 
tenant'^'s  cost  on  an  average?— In  this  case  I  estimate  the  total  cost  ot 
iron  service  and  lead  pipes, &c.,  at  21s.  per  house,  and  that  this  arrange- 
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ment  would  effect  a  saving  of  38*.  per  house,  of  which  the  saving  to  the  Mr.  Marten, 
tenant  would  be  22s.  I  make  this  estimate  upon  the  case  above  stated. 
I  think  the  system  of  back  supply  would  be  found  of  great  advantage  in 
poor  neighbourhoods,  as,  under  the  present  plan,  the  poorer  class  can 
only  afford  to  have  the  tap  brought  just  through  the  front  wall,  so  that 
the  principal  part  of  the  water  used  has  to  be  carried  to  the  back 
premises.  The  system  of  back  supply  would  do  away  with  this  incon- 
venience. 

51.  Will  you  give  a  return  of  the  cost  at  which,  supposing  the  whole 
service  of  the  town  had  to  be  laid  down  afresh,  you  could  lay  it  down 
for  front  supply  ;  also  the  cost  for  back  supply ;  showing  the  distinct 
cost  of  mains  of  service  pipes,  and  the  total  cost  to  each  tenant  con- 
trasted with  the  system  of  supply  from  the  front  of  the  street,  and  com- 
pared with  the  mode  adopted  in  the  metropolis  ? — Passing  from  the 
separate  case  above  stated,  and  supposing  the  whole  service  of  the  town 
had  to  be  laid  down  afresh,  at  present  prices,  it  could  be  done  on  the 
system  of  front  supply,  at  63s.  Qd.  per  house,  of  which  the  mains  would 
cost  26*.  per  house,  the  service  pipes  21*.,  and  the  tenants'  branches 
16*.  Qd.  per  house.  On  the  system  of  back  supply  it  could  be  done  for 
47*.  per  house ;  that  is,  supposing  we  had  had  powers  to  pass  through  the 
private  property,  both  of  those  who  did  and  those  who  did  not  take  the 
supply,  in  the  same  manner  as  we  have  power  to  lay  pipes  in  the  streets. 
Of  this  sum  the  cost  of  mains  would  be  26*.  per  house,  of  services  14*., 
and  tenants'  branches  7*.  jper  house. 

52.  How  much  would  the  earthwork  cost  of  that  amount  ? — In  the 
first  case  5*.  per  house,  and  in  the  second,  for  back  supply,  3*.  6d.  per 
house.    I  am  speaking  of  Wolverhampton. 

53.  How  much  of  that  cost  would  you  save  by  combining  the  laying 
down  of  the  return  pipes  at  the  same  time  as  the  supply  pipes  ? — If  both 
the  supply  pipes  and  the  return  pipes  could  be  laid  in  the  same 
trench  and  at  the  same  time,  there  would  be  only  one  excavation  to 
make  ii^tead  of  two,  and  the  saving  would  therefore  be  equal  to  the  cost 
of  the  earthwork  per  house  for  the  supply  pipes. 

54.  If  you  were  to  lay  down  a  constant  system  of  supply,  with  the 
substitution  of  soil-pans,  &c.,  for  cesspools,  would  you  not  expect  that  it 
would  be  necessary  to  have  a  man  to  look  after  the  taps,  the  tenants'  ser- 
vice pipes,  &c.  ? — Yes.  This  department  has  hitherto  been  much 
neglected,  and  the  tenants  have  often  been  put  to  considerable  inconve- 
nience and  damage,  first  from  want  of  a  proper  inspection  of  their 
supply-pipes,  &c.,  so  as  to  have  them  always  kept  up  in  good  repair; 
and,  secondly,  by  the  attempts  of  ignorant  and  unqualified  workmen  to 
repair  them.  I  think  an  inspection  of  these  internal  fittings,  at  stated 
intervals,  by  properly  qualified  workmen,  would  be  a  great  advantage. 

55.  That  would  be  economical  to  the  tenants  themselves,  then? — 
Undoubtedly ;  they  would  be  certain  of  having  the  work  well  done  and 
well  looked  after. 

56.  From  your  knowledge  of  a  London  system  of  supply,  and  your 
practical  experience  of  the  change  of  the  system  of  supply  from  an  inter- 
mittent one,  do  you  perceive  any  difficulties  other  than  those  you  have 
stated  m  changing  the  system  of  supply  in  London  from  the  intermittent 
to  the  constant  supply?— I  do  not ;  as  a  rule  the  mains  laid  down  for 
givmg  the  intermittent  supply  will  be  found  amply  sufficient  forgiving 
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Marten,  the  Constant  supply,  tlie  submains  and  services  always  so.  The  idea 
that  tiie  pipes  must  be  ofsumcient  capacity  to  allow  all  parties  to  draw 
from  them  at  the  same  time  is  contrary  to  all  experience,  and  in  practice 
It  will  very  rarely  happen  that  so  many  as  one-tenth  of  the  population 
are  drawing  water  at  the  same  time.  The  pumping  machinery  and 
reservoir  ot  the  intermittent  plant  will  also  be  sufficient  for  the  constant 
supply?  as  less  water  is  used  under  this  system. 

57.  Then,  keeping  in  view  the  system  of  supply  in  the  metiopolig, 
we  understand  that  you  are  clearly  of  opinion  that  it  is  by  no  means 
necessary  to  the  constant  supply  that  the  works  should  have  been 
originally  constructed  for  it  ? — 1  am  of  that  opinion,  and  would  only 
observe  further,  that  before  attempting  to  give  the  constant  supply  to 
any  town  which  has  long  been  accustomed  to  the  other  plan,  I  think  it 
would  be  prudent  that  the  whole  of  the  works  for  so  doing  should  be  made 
perfect  and  complete.  The  town,  on  this  being  done,  should  be  divided 
into  districts,  and  the  service-pipes  and  taps  in  each  house  put  into  a 
proper  state  for  receiving  the  supply  on  the  new  plan,  which  should  not 
be  given  in  any  district  until  these  are  proved  satisfactory.  Without 
these  precautions,  or  some  similar  to  them,  in  old  towns,  the  constant 
supply  would  be  deprived  of  a  great  portion  of  its  efficiency.  Little 
benefit  can  be  derived  from  merely  patching  it  on  to  the  old  system,  but 
where  it  is  determined  to  introduce  the  constant  supply  system  the 
change  should  be  thorough  and  complete.  When,  however,  the  neces- 
sary alterations  are  fairly  planned  out,  previously  to  any  change  being 
made,  and  set  about  systematically,  I  do  not  think  the  slightest  material 
difficulty  can  arise,  and  the  increased  domestic  convenience  afforded  by 
this  system,  and  the  expansion  it  presents  for  sanitary  improvement,  will 
amply  repay  any  temporary  inconvenience  in  making  the  change. 


Mr.  John  Roe  examined. 

1.  Were  you  not  required  by  the  Metropolitan  Sanitary  Coqimission 
in  1847  to  gauge  the  run  of  water  at  given  streets  and  sewers? — 
I  was. 

2.  W^hat  was  the  result  of  your  gauging-s?' — It  is  given  in  the  follow- 
ing paragraph: — "  It  appears  that  in  the  second  or  third-rate  class  of 
streets,  the  run  of  water  from  the  houses  to  the  sewers  is  about 
45  gallons  per  diem  ;  but  that  in  the  streets  of  the  first  class  of  houses, 
all  of  which  have  water-closets,  and  all  drain  into  the  sewers,  the  daily 
run  of  water  is,  on  the  average,  about  75  gallons  per  diem  per  house, 
except  on  the  days  on  which  the  intermittent  supphes  are  on,  when  the 
run  increases  in  the  third-rate  streets  from  45  gallons  to  about 
78  gallons,  and  in  the  first-rate  streets  from  75  gallons  to  upwards  of 
100  gallons,  during  the  day,  affording  an  example  of  the  waste  in- 
curred under  that  system.  So  far  as  the  observations  have  proceeded, 
they  are  in  corroboration  of  the  opinion  that  the  prospective  estimate 
of  a  supply  of  25  gallons  per  head  of  the  population  per  diem,*  or 
125  gallons  per  house,  would  effect  all  that  at  present  appears  necessary 
to  keep  a  properly-devised  system  of  house-drains  and  sewers  of  a  town 
in  salubrious  action." 

3.  Have  you  since  had  the  opportunity  of  observing  your  former 
g'augings  and  of  carrying  them  further? — Yes,  to  some  degree. 
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4.  Was  their  correctness  confirmed,  or  otherwise  ?— They  were  con-  MrjRo 
firmed. 

5.  Will  you  state  the  result  of  your  experiments  as  to  the  quantities 
of  water?— In  one  long  street  the  excess  on  water-days  would  average 
a  depth  during  the  year  of  16  inches  of  rain  over  the  area  occupied  by 
the  buildings,  gardens,  and  roads,  or  22  inches  over  the  area  occupied 
by  roads  and  buildmgs  only.  In  another  street  the  average  would  be 
13  inches  during  the  year  in  one  case,  and  21  inches  in  the  other. 

6.  Your  gaugings  were,  I  believe,  at  the  mouth  of  the  sewer? — Yes, 
they  were  not  gaugings  of  the  butts,  so  I  cannot  say  what  was  lost  by 
permeation.  All  these  experiments  were  tried  on  a  gravelly  soil,  and 
much  therefore  would  be  lost  in  that  way. 

7.  It  has  been  stated  that  the  loss  on  days  when  the  water  was  not 
on  was  about  one-eighth  between  the  butts  and  the  sewers  ? — That 
calculation  is  moderate  enough  ;  and  when  the  water  is  on,  the  permea- 
tion of  course  must  be  greater. 

8.  Of  course,  in  laying  down  new  drainage  works  a  great  proportion 
of  the  expense  is  in  earth-work  ? — ^The  greater  proportion  of  cost  is  in 
the  material  used,  but  the  earth-work  forms  a  considerable  item  in  the 
total  cost. 

9.  Might  not  water-pipes  be  laid  down  at  the  same  time  in  general 
without  double  earth- work  ? — Yes. 

10.  Has  it  not  been  contemplated  by  the  Works'  Committee  and  by 
yourself  that  the  superintendence  of  both  should  be  under  the  care  of 
one  man  on  the  spot? — Yes. 

11.  Did  you  not  propose  that  the  heads  of  sinks  should  be  opened 
by  only  one  key  and  one  apparatus? — ^Yes. 

12.  Will  you  put  in  the  form  of  apparatus  you  designed? — The 
drawings  are  in  the  office  at  Greek-street,  whence  a  copy  may  be  ob- 
tained, as  they  were  ordered  to  be  lithographed. 

13.  Then  the  business  of  one  man,  as  contemplated,  would  be  to 
cleanse  the  streets  and  courts  by  jet  when  it  was  required,  and  to  be 
ready  in  case  of  any  stoppage  or  disorder  to  set  it  right  ? — Yes. 

14.  Was  not  one  mode  of  flushing  by  the  removal  of  the  cap  of  the 
house-drain  and  putting  on  the  hose  and  cleansing  everything  by  the 
discharge  ? — Yes. 

15.  Was  it  not  contemplated  that  all  the  apparatus  should  be  pro- 
vided for  under  one  rate  ? — Yes. 

16.  Do  you  see  any  reasonable  probability  of  having  such  things 
carried  out  for  a  period  of  years,  except  by  a  common  rate  as  a  distri- 
butive charge? — No. 

17.  You  are  cognizant  of  the  experiments  illustrating  the  rapidity 
of  the  mode  of  cleansing  by  means  of  the  jet  ? — Yes. 

18.  Do  you  think  that  either  the  water  supply  or  house  drainage 
can  be  carried  out  so  economically  separately  as  in  combination  ? — 1  do 
not  think  they  can. 

19.  Have  you  any  doubt,  as  an  engineer,  that  the  like  gain  in 
efficiency  and  in  economy  which  in  drainage  would  be  practically 
attained  under  the  Metropolitan  Sewers'  Commission  would  be  prac- 
ticable also  with  regard  to  the  water  supply? — I  have  no  doubt 
of  it. 

20.  When  you  introduced  flushing  as  a  cheaper  means  of  cleansing. 
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j  Mrjtoe.  did  you  not  expect  to  be  oblig^ed  to  have  additional  supplies  of  water 
for  the  purpose?— I  did,  and  I  applied  to  the  en^rineer  of  one  of  the 
Water  Companies  to  ascertain  the  prices  at  which  they  would  furnish 
such  additional  supplies. 

21.  Did  you  not  find  that  on  days  when  there  was  an  intermittent 
supply  there  was  quite  sufficient  water?— Yes,  without  having  occasion 
to  purchase.  ° 

22.  From  your  experience  and  knowledge,  have  you  any  doubt  that 
your  experience  in  this  instance  as  to  the  available  character  of  waste 
water  for  flushing  is  available  universally  by  economizing  the  waste 
water  on  the  days  of  supply  ? — I  have  no  doubt  of  it. 

23.  Have  you  not  carried  out  gaugings  of  the  Fleet  river  at  the 
request  of  the  Commissioners? — In  1830  I  began  a  series  of  gaugings 
in  the  Fleet  sewer,  and  continued  them  at  intervals  to  the  time  the 
Metropolitan  Commissioners  requested  me  to  still  continue  them. 

24.  Did  you  observe  any  alteration  on  the  days  of  water  supply? — 
Yes,  in  a  proportion  very  similar  to  what  I  have  before  stated. 

25.  What  districts  does  the  Fleet  drain  ? — A  large  portion  of 
St.  Pancras ;  a  portion  of  Islington ;  St.  James  Clerkenwell ;  and 
part  of  St.  Andrew  Holborn,  and  other  districts  below  the  point  of 
observation. 

26.  Wh^it  is  the  rate  of  discharge  (in  gallons)  in  the  sewers  in  the 
street  you  mentioned  in  the  New  River  Company's  district,  when  the 
water  was  on  and  when  there  was  no  rain-fall  ? — The  greatest  flow 
observed  was  160  gallons  per  minute. 

27.  What  was  the  rate  of  run  when  the  water  is  not  on,  and  when 
there  was  no  rain-fall  ? — Four  gallons  per  minute. 

28.  In  the  River  Fleet  what"was  the  rate  of  run  at  periods  of  time 
when  there  was  no  rain,  and  in  days  when  the  water  was  known  to  be 
on  in  the  district? — The  average  rate  of  run  during  a  month  of  dry 
weather,  at  the  time  when  the  flow  was  affected  by  the  water-supply  in 
the  district,  was  1,738  gallons  per  minute.  » 

29.  What  is  the  rate  of  run  at  like  periods  of  time  in  dcy  weather,  and 
^    when  the  water  is  not  on  ? — The  water-supply  appears  to  be  on  every 

day  (except  Sunday)  in  some  portion  or  other  of  the  district  draining  to 
the  Fleet,  parts  of  which  are  supplied  by  the  Hampstead  Water  Works, 
and  others  by  the  New  River.  The  rate  of  run,  when  not  affected  by 
the  supply  being  on,  was  756  gallons  per  minute. 

30.  What  is  the  rate  of  run  on  days  when  there  is  rain  ?  What  is  the 
rate  of  run  on  days  when  there  is  not  rain? — The  greatest  quantity 
observed  when  rain  fell  was  rather  more  than  800,000  gallons  per 
minute.  This  was  on  August  1st,  1846  ;  but  this  was  not  all  that  the 
Fleet  was  required  to  convey,  had  all  reached  it  freely.  But  from  its 
being  too  small  at  some  distance  above  the  point  of  observation,  much 
water  was  backed  up,  causing  the  flooding  of  property  to  a  great  extent. 
The  least  rate  of  run  observed  during  dry  weather,  at  times  when  the 
flow  was  least  affected  (if  at  all)  by  house  drainage,  was  261  gallons 
per  minute. 
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Mr.  Stirrat. 

Mr.  James  Stirrat,  Bleacher,  Paisley,  examined.  — 

1.  Are  you  conversant  with  water-works  in  Scotland  ?— Perfectly. 

2.  Have  you  had  occasion  to  notice  those  which  derive  their  supplies 
from  surface  gathering  g-rounds  ?    More  than  any  others. 

3.  At  what  places  ?— At  Glasgow,  Edinburgh,  and  Paisley,  parti- 
cularly. I  was  also  seven  weeks  engaged  by  the  Liverpool  Corporation 
to  n-ive  evidence  in  Committees  of  Parliament,  and  to  examine  the 
different  streams  on  the  Lancashire  hills,  whence  they  propose  to  derive 
a  new  supply  of  water.  I  find,  as  the  result  of  my  experience,  that  the 
purest  and  best  soft  water  is  only  obtainable  from  lands  lying  on  the 
primitive  rock  formations,  such  as  green  stone,  granite,  millstone- 
grit,  &c.  Rain-water  from  such  districts,  stored  in  large  and -deep 
reservoirs  is  as  pure  as  it  is  practicable  to  obtain  it,  and  the  best  in 
every  respect  for  domestic  and  manufacturing  purposes. 

3 '*.  Were  not  you  the  first  individual  who  proposed  this  source  of 
supplying  Paisley  with  water?— I  was  the  first  to  propose  it  in  recent 
times,  but  the  first  individual  who  proposed  it,  so  far  as  I  know,  was 
Lady  Ross,  the  grandmother  of  the  present  Earl  of  Glasgow,  who, 
about  the  year  1*7 70,  made  an  offer  to  the  Magistrates  and  Council  that, 
if  they  would  make  reservoirs  and  construct  the  necessary  works,  in  the 
very  manner  which  is  now  done,  she  would  give  the  land  gratis  for 
the  purpose  ;  Avhich  offer  they  refused. 

4.  Of  what  degree  of  hardness  is  water  obtained  from  such  districts  ? 
— I  am  not  accustomed  to  speak  of  water  as  to  degrees  of  hardness,  but 
am  aware  that  as  the  quantity  of  mineral  and  saline  matters  held  by 
water  in  sclution  is  increased,  so  is  the  hardness.  The  water  of  the 
Clyde  at  Glasgow,  for  instance,  contains  on  the  average  15  grains  per 
imperial  gallon  of  such ;  whereas  the  new  supply  by  gravitation  from 
lands  lying  on  the  greenstone  rock  is  so  pure  that  less  than  two  grains 
can  be  obtained  only  by  the  most  minute  chemical  test.  As  simple  a 
test  of  .comparative  hardness  as  I  have  used,  is  to  boil  two  samples  of 
water  and  test  with  a  thermometer  their  comparative  rates  of  cooling. 
The  one  which  is  purest  invariably  cools  first. 

5.  How  is  Edinburgh  supplied  ?— Partly  from  drainage  oflF  high 
grounds,  and  partly  from  the  Crawley  springs  ;  the  water  there  is 
harder  than  the  new  water  at  Glasgow  or  at  Paisley,  but  softer  than 
the  water  derived  from  the  Clyde  at  Glasgow  ;  but,  in  a  dry  summer, 
there  is  sometimes  an  inadequate  supply.  Companies  have  at  various 
times,  both  at  Edinburgh  and  Glasgow,  been  started  to  obtain  fresh 
supplies  from  drainage  alone,  but  they  have  been  always  thwarted  by  the 
old  Companies,  until  the  Gorbals  Company  in  1846,  got  a  Bill  for  sup- 
plying the  south  side  of  the  river  Clyde,  after  great  opposition  from  the 
old  Company. 

6.  Having  investigated  the  gathering  grounds  in  Lancashire  and  iji 
Scotland,  is  it  not  your  general  conclusion  that  the  shorter  the  distance 
the  water  has  to  travel  over  the  surface  the  less  matter  it  has  in  sus- 
pensifm? — Certainly  that  is  the  case  generally,  although  there  are 
exceptions.  Water  flowing  from  high  rocky  districts  is,  as  I  have  said 
before,  very  pure  and  solt,  but  as  it  generally  comes  on  to  more  level 
gronnds,  where  the  more  recent  formations  occur,  such  as  lime 
chalk",  iron,  &c.,  it  becomes  more  and  more  impregnated  in  its  course 
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._SHmt.  from  sprlnjrs  and  rain  falling  in  the  lower  districts,  and  is  of  course 
less  soft  and  pure.  However,  in  other  cases,  particularly  where  a 
stream  has  its  source  in  peat  moss  lands  ;  such  water,  although  much 
discoloured  at  its  source,  becomes  more  and  more  pure,  from  exposure 
to  the  action  of  the  atmosphere,  and  becomes  quite  clear, 

7.  From  Mr.  Thorn's  statements  and  other  early  documents,  was  it 
not  estimated  that  only  4.  of  any  given  fall  of  rain  was  available,  and 
has  not  subsequent  experience  concluded  it  to  be  much  more? — Before 
investigations  made  by  myself  and  others  in  tny  neighbourhood,  Mr. 
Thorn  stated  that  it  was  altogether  impracticable  to  supply  Paisley  in 
the  way  that  is  now  done  (that  was  in  1826),  and  again  in  1835  he 
reported  that  as  much  as  18  inches  might  be  available  from  the  rain 
fall,  and  on  this  report  the  Company  was  formed  ;  but  now,  after  an 
accurate  measurement  of  the  available  quantity  deliverable  to  the  town, 
it  is  found  to  be  about  36  inches  annually  on  an  average  of  three 
years,*  and  the  consequence  is  that  the  reservoirs  are  of  too  small 
a  capacity  to  contain  the  floods  ;  and  although  50,000  of  a  population 
are  supplied  with  as  much  as  they  choose  to  consume  at  all  hours  night 
and  day,  besides  about  80  factories,  comprising  dye  works,  print 
works,  &c.,  getting  a  supply  varying  from  1,000  to  150,000  gallons 
each  daily,  there  is  water  wasted  in  the  winter  season,  during  floods,  on 
an  average  to  an  extent  that  would  give  a  supply  to  20,000  more  of  a 
population. 

We,  the  bleachers,  printers,  &c.  whose  works  are  on  these  streams, 
stipulated  with  the  Company  to  have  a  supply  to  our  works  of  one-fourth 
part  of  the  whole  water  that  might  be  found  available  from  the  drain- 
age grounds  intercepted  by  the  water  company,  and  that  to  be  given  off 
to  us  in  a  regular  and  uniform'stream,  and  the  quantity  to  be  ascertained 
by  a  three  years'  measurement,  and  the  average  of  these  three  years  to 
be  continued  in  all  time  coming,  this  was  the  reason  of  the  measure- 
ments being  made.  I  was  appointed  by  the  bleachers,  &c.,  to  see  that 
it  was  done  fairly  by  Mr.  Thorn,  who  was  appointed  by  the  Company. 
And  we,  (the  bleachers,  &c.)  now  find  that  during  the  four  or  five 
summer  months,  we  have  a  regular  stream  from  20  to  30  times  greater 
than  before,  a;nd  are  protected  from  the  winter  floods  which  often  did 
us  much  damage. 

8.  Then  all  subsequent  experience  goes  to  show  this,  that  the 
quantity  derivable  from  surface  or  gathering  grounds  is  greater  than 
was  anticipated? — Most  unquestionably  it  is. 

9.  In  this  case  is  it  mere  surface  water  which  is  derived,  or  do  you 
derive  any  of  it  through  land  drain  pipes  ? — All  water  is  mere  surface 
water  in  the  first  instance,  and  the  only  difference  from  that  from 
drained  land,  that  we  have  a  greater  available  supply  from  any  given 
fall  of  rain,  because  it  comes  more  quickly  off,  and  less  evaporation 
takes  place. 

10.  Then  your  opinion  and  experience  is,  that  water  does  not  lie  on 
the  surface  where  land  is  drained,  it  does  not  sink  so  far,  and  is  more 
quickly  delivered  into  a  reservoir  for  distribution  ? — Yes,  that  is  pre- 
cisely what  I  mean. 

11.  Supposing  a  given  quantity  of  land  were  drained  how  much  more 


*  This  available  quantity  was  derived  from  an  average  fall  annually  of  54  inches. 
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water  would  be  likeh'  to  be  obtained  from  it  than  it  would  yield  if  it 
were  not  drained  ? — This  depends  on  the  nature  of  the  subsoil,  but  in 
every  case  drained  land  will  produce  more  available  water  than  land 
that  is  not  drained.  I  may  here  mention  that  we  find  uniformly  that 
in  high  districts  the  fall  of  rain  is  greater  than  in  low  districts.  At 
Paisley,  the  drainage  lands  are  on  an  average  about  400  feet  above  tlie 
tide  level,  average  fall  of  rain  56  inches  a-year.  At  Greenock  Shaw's 
Water-works,  16  miles  west  from  this,  average  height  of  drainage  land 
about  600  feet,  average  fall  of  rain  about  65  inches,  available  42  inches. 
In  our  district,  on  the  above  data,  the  available  rain  on  100  statute 
acres  is  more  than  sufficient  to  give  20  gallons  a-day  to  each  head  of 
a  population  of  10,000  persons.  The  fall  of  rain,  therefore,  varies  very 
much  in  different  parts  of  the  island.  In  Cumberland,  where  there  is 
a  large  extent  of  high  table  land,  about  2,500  feet  above  the  sea,  the 
quantity  of  rain  is  found  to  be  150  inches  annually,  and  in  London  it 
is  only  about  22  to  27  inches.  It  is  an  interesting  fact  that,  when 
Sir  Christopher  Wren  was  building  St.  Paul's  Cathedral,  he  set  a  rain 
gauge  in  the  church-yard,  which  indicated  a  fall  of  22  inches.  Since 
his  day,  until  the  last  10  years,  almost  all  the  rain  gauges  have  been  of  an 
improper  construction,  and  most  of  them  now  kept  are  still  very  defective  ; 
but  it  appears  from  recent  observations  that  Sir  Christopher  Wren's 
rain  gauge  was  a  correct  one. 

12.  It  is  stated  that  the  rain  gauge  on  the  top  of  York  Minster 
shows  different  results  from  that  at  the  bottom  of  the  building? — No 
doubt  it  will,  and  must  do  from  a  reason  that  it  is  easy  to  explain. 
■  13.  How  much  could  be  obtained  from  a  fall  of  20  inches  near 
London  ? — It  would  depend  on  the  soil  on  which  it  fell. 

14.  Have  ynu  observed  the  quality  of  the  thorough  drain  water  :  we 
find  upon  getting  analyses  of  surface  waters  compared  with  the  thorough 
drain  water,  that  there  is  generally  less  animal  matter  in  it  but  that^it 
is  also  generally  much  less  hard  than  surface  water? — We  have  not 
had  occasion  to  observe  any  such  difference, 

15.  Have  you  altered  your  mode  of  filtering  water  of  late? — Yes; 
at  Paisley,  Greenock,  &c.,  there  is  only  one  filter  bed  of  fine  sand.  But 
at  the  New  Works  to  supply  Glasgow,  we  adopted,  at  the  suggestion 
of  Mr.  Smith,  of  Deanstone,  an  entirely  new  mode,  viz.,  three  filters  ; 
the  uppermost  composed  of  rough  stones  from  the  size  of  a  hen's  e"-g 
and  upwards,  taken  from  the  bed  of  the  stream,  where  the  water  lis 
allowed  to  rest  as  long  as  possible ;  and  by  the  laws  of  gravitation  these 
stones  attract  the  light  particles  floating  in  the  water,  which  are  now  seen 
to  increase  the  size  of  these  stones  ;  it  then  passes  into  a  second  filter 
made  of  coarse  sand  or  pebbles  about  the  size  of  a  common  pea  and 
smaller,  which  intercepts  the  gross  particles ;  and  lastly  passes  to  a 
filtering  bed  of  fine  sand,  and  the  consequence  is,  that  the  water  is  not 
only  perfectly  pure,  but  the  fine  filter  which  otherwise  would  have 
required  washing  once  a  week  or  so,  works  for  six  weeks  or  two  months 
without  the  sand  being  removed  to  be  washed  and  cleaned. 

16.  Do  you  get  the  water  out  as  clear  as  spring  water?— Yes,  ner- 
lectly  clear.  ^     o  »  r 

17.  Is  there  any  peat  in  those  gathering  grounds  ?— At  Paisley,  about 
20  acres  out  of  the  700;  and  at  the  Gorbals  of  Glasgow,  somewhat  less 
in  proportion. 
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18.  Do  you  know  any  other  gathering  grounds  where  there  is  any 
tiie-draininp:  ? — The  Ayr  and  Kilmarnock. 

19.  Do  they  drain  them  ?— Not  the  water  Companies,  but  tile-drain- 
ing is  ofoing  on  over  the  whole  country  more  or  less  by  the  farmers. 

20.  Have  you  found  any  inconvenience  from  farmers  draining  or 
manurinp:  land  ? — No ;  I  have  taken  notes  of  the  quantity  of  water 
coming  off  the  high  lands  into  the  Paisley  reservoir,  and  find  that  on 
an  average  of  years,  seven-tenths  of  the  whole  quantity  is  collected,  or, 
in  other  words,  flows  off  the  high  grounds  in  27  days  per  annum.  We 
have  found  no  difference  in  the  quality  of  the  water  from  agricultural 
operations. 

21.  What  is  the  extent  of  these  reservoirs? — There  are  at  Paisley 
in  all  three  reservoirs,  which  contain  49  million  cubic  feet  (49,000,000) 
having  790  acres  of  drainage  ground. 

In  order  to  store  up  the  flood-waters  of  a  wet  year  so  as  to  make  up 
the  deficiency  of  a  dry  one,  and  so  as  to  lose  no  part  of  such  floods,  I 
find  by  the  experience  of  the  fall  of  rain  in  this  district  for  the  last  16 
years,  that  storage  room  is  necessary  for  two-thirds  of  the  whole  avail- 
able quantity,  that  is  for  24  inches  from  the  whole  draina^^e  grounds ; 
our  reservoirs  are,  therefore,  too  small  for  the  extent  of  drainage. 

22.  What  is  the  greatest  depth  of  your  storage  reservoirs? — At 
Paisley,  32  feet,  where  drawn  off ;  and  at  Glasgow  New  Works,  .51  feet : 
and  we  have  the  means  of  drawing  off  water  at  four  different  depths  at 
both  works. 

23.  How  deep  do  you  find  plants  grow? — I  have  found  in  this  dis- 
trict that  no  aquatic  plants  grow  where  the  water  is  12  feet  or  more  in 
depth,  but  that  at  a  less  depth  they  do  grow  and  accumulate  very  fast. 
In  a  small  reservoir  at  my  own  works,  depth  S  feet,  extent  half  an  acre, 
I  was  much  annoyed  with  such  plants  ;  but  last  year  I  got  by  advice  a 
pair  of  swans,  and  they  cleaned  it  completely  in  a  few  weeks,  and  it 
has  been  quite  clean  ever  since,  they  would  take  no  other  food  whilef 
these  plants  lasted. 

24.  One  general  evil  in  the  storage  of  water  is,  that  where  the  water 
is  exposed  to  the  sun,  vegetation  grows  and  animal  life  ensues.  It  has 
been  suggested  to  roof  the  reservoir  where  that  can  be  managed,  and  the 
question  is  whether  a  floating  roof  cannot  be  constructed  ? — We  have  had 
under  consideration  the  roofing  of  the  filters  and  distributing  tank, 
■which  are  liable  to  the  objection  you  mention,  and  which  can  be  easily 
done  at  a  small  cost ;  but  as  to  covering  or  roofing  the  storage  reservoirs 
that  is  altogether  unnecessary,  as  nothing  of  the  kind  affects  us  in  so 
deep  water. 

25.  We  find  at  present  we  can  cover  a  reservoir  at  about  1,000/.  an 
acre. — It  would  be  an  immense  work  that  would  require  a  distributing- 
tank  and  filters  to  occupy  even  two  acres  of  land — this  would  be  sufficient 
for  London. 

26.  Would  not  that  have  the  effect  not  only  of  preventing  the  water 
spoiling,  but  of  preventing  evaporation? — It  is  a  great  mistake  to 
imagine  that  evaporation  takes  place  to  any  extent,  even  in  the  height 
of  summer,  from  the  surface  of  a  reservoir  where  the  Avater  is  of  any 
considerable  depth.  The  deposit  of  dew,  I  think,  counterbalances  it.  I 
have  one  pond  10  feet  deep,  on  which  I  made  the  experiment,  and 
found  in  the  heat  of  summer  that  in  two  months  it  did  not  go  down  one- 
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sixteentli  part  of  an  inch  ;  and  there  might  have  been  a  small  escape  to  Mn  stirrai 
account  for  even  that  diminution. 

27.  Do  you  line  the  sides  of  the  reservoirs  ? — 'No  ;  that  is  not  at  all 
necessary.  We  only  line  the  inside  of  artificial  embankments  with 
roug"h  broken  stones. 

28.  It  is  the  result  of  much  experience  in  England,  where  water  is 
derived  from  rock  of  the  primitive  formation,  that,  after  coming  through 
a  channel  of  clay,  it  is  of  10  or  12  degrees  of  hardness.  It  has  been 
found  in  the  instance  of  the  Surrey  canal  that  the  hardness  of  the  water 
rises  in  a  curve  ? — I  have  found  almost  uniformly,  that  where  rivers  have 
a  long  slotv  run,  it  becomes  harder  the  farther  from  its  source.  Thou- 
sands of  contributing  springs  will  no  doubt  produce  this  effect,  by 
bringing-  mineral  and  saline  matter  into  the  main  stream. 

29.  On  the  whole  it  is  in  accordance  with  the  exjoerience  of  the 
General  Board  of  Health,  who  have  received  and  have  investigated  some 
two  or  three  hundred  specimens  of  waters,  that,  on  an  average,  well  and 
spring  waters  are  of  20  degrees  of  hardness  ;  river  waters,  13  ;  and  sur- 
face drainage  water,  about  5  degrees  of  hardness  ? — I  have  no  doubt  that 
that  is  an  accurate  calculation  as  a  general  average. 

30.  Have  you  been  among  or  known  populations,  who,  after  having 
been  used  to  soft  water  for  drinking  have  had  to  come  to  the  use  of  hard, 

or  the  converse  ? — At  Paisley,  they  used  to  have  water  from  spring-wells  i 
for  drinking,  but  these  springs  contained  iron,  lime,  and  magnesia, 
although  very  pure  to  look  at ;  and  the  population  never  complained  of 
their  use  for  anything  but  washing,  for  which  they  were  not  suited. 

About  30  years  ago,  water  began  to  be  carted  along  the  streets  and 
sold  to  the  people.  This  water  was  pumped  up  from  the  river  and  fil- 
tered, and  was  much  softer  than  the  springs,  and  did  very  well  for 
washing  and  infusing  tea,  &c, ;  but  since  the  introduction  of  soft  surface 
water  by  the  Company,  the  wells  are  not  used  for  any  purpose  whatever, 
being  totally  neglected;  and  for  drinking,  the  water  of  the  Company  is 
universally  preferred,  and  relished  most  of  any.  I  may  here  mention 
that  the  quantity  now  consumed  for  domestic  use  is  so  great,  that  had 
the  people  used  the  same  quantity  at  the  price  charged  from  the  barrels 
above-mentioned  ;  it  would  have  cost  upwards  of  100,000/.  annually,  and 
for  which  they  now  pay  under  3,000^.  annually. 

31.  Do  you  know  that  well-water  derives  its  attractiveness  from  its 
coolness  and  freshness? — No  doubt  it  does  ;  averaging  in  summer  from 
45  to  55  degrees  of  heat;  but  our  water  from  the  main  pipes  is  also 
quite  as  cool  and  clear,  being  under  constant  pressure  in  the  pipes,  and 
no  cisterns  in  the  houses  where  it  would  become  heated  and  be  thereby 
rendered  unpleasant  to  drink. 

32.  But  it  has  been  objected  to,  and  particularly  by  Mr.  Thorn  that 
water-pipes  have  been  laid  too  near  the  surface?— Mr.  Thorn  is  quite 
correct  in  this  remark  ;  but,  at  Paisley  and  the  Glasgow  New  Works, 
the  pipes  are  laid  3  feet  from  the  surface,  and  the  water  is  found  to  be 
at  all  seasons  quite  cool  enough. 

In  London,  Manchester,  &c.,  where  water  is  taken  into  cisterns  in 
warm  weather  it  uniformly  becomes  tepid  and  unpleasant  to  drink,  'in  ' 
i^iverpool,  the  water  is  very  hard.    I  could  wash  at  home  without  soap 
as  well  as  at  Liverpool  with  soap.    I  have  stated  that  we  are  supplied  at 
i-dis^ey  on  the  constant  service  principle,  and  the  pressure  (120  feet) 
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has  never  been  off  since  1S38,  wlien  the  supply  began— except  for  part 
of  a  street,  when  occasionally  the  joint  of  a  pipe  was  leaky  and  required 
repair,  which  operation  is  very  easily  and  quickly  done. 

As  to  the  effect  on  health  in  drinking  and  cooking  with  hard  water 
as  compared  with  soft  or  rain  water,  it  is  a  fact  w'orthy  of  attention' 
that  in  Paisley,  before  sofi  water  was  introduced,  cases  of  stone  in 
the  bladder  were  very  frequent ;  and  the  late  Dr.  Stewart,  an  old  and 
experienced  practitioner,  informed  me  that  he  had  at  one  time  known 
as  many  as  a  hundred  cases  in  a  year  where  an  operation  was  neces- 
sary to  extract  stone  from  the  bladder,  besides  many  minor  cases, 
where  small  stones  were  passed  without  operation ;  these  cases  some- 
Tvhat  diminished  in  number  on  the  introduction  of  river  water  being 
;sold  from  barrels;  but  that  on  the  supply  by  the  Water  Company  of 
pure  soft  water,  such  cases  diminished  year  after  year,  and  that  for  the 
.last  seven  years  there  has  not  been  a  single  case  known  to  any  of  the 
faculty,  unless  where  it  had  been  generated  in  some  other  part  of  the 
country,  and  imported  into  the  town.  J  find  also,  from  inquiries  made, 
that  in  Aberdeen,  where  the  water  flows  wholly  from  granite,  that  the 
disease  is  unknown ;  the  same  is  the  result  in  the  high  parts  of  Derby- 
shire in  England.  On  the  other  hand,  in  the  county  of  Norfolk,  where 
spring-water  is  used  highly  impregnated  with  mineral  and  saline  sub- 
stances, this  disease  exists  in  almost  every  family,  more  or  less.  I 
mentioned  these  facts  to  James  Paton,  M.D.,  of  Paisley,  and  although 
he  had  not  taken  notice  of  the  circumstance  previously,  he  says  it  is  quite 
correct ;  and  that  also  diseases  of  the  kidneys  and  liver,  generated  from 
the  same  cause,  have  wholly  disappeared  in  Paisley. 

33.  From  Bolton,  we  are  informed  that,  since  the  introduction  of  soft 
water,  tlie  cases  have  diminished  enormously.  On  the  other  hand  it  is 
stated  that  this  result  is  rather  owing  to  a  diminution  in  the  quantity  of 
beer  and  other  such  beverages  that  are  drunk? — ^The  late  Dr.  Stewart, 
of  Paisley,  did  not  take  that  view  of  the  subject ;  but  he  told  me  that 
for  upwards  of  20  years  previous  to  the  soft  water  supply  to  the  town, 
he  had  not  allowed  the  use  of  hard  water  in  his  family,  they  using  the 
rain-Avater  collected  into  a  tank  from  the  house-roof.  The  same  effects 
may  be  observed  in  kettles  and  boilers  in  the  quantity  of  fur  where 
hard  water  is  used. 

34.  During  periods  of  epidemic  disease,  have  you  observed  the  dif- 
ferent results  of  hard  and  soft  water? — In  Paislejr,  in  1832,  every 
district  of  the  town  was  affected  witli  cholera,  at  which  time  there  was 
no  supply  of  water ;  but  in  1848-49,  in  a  high  district.  (Charleston,) 
•with  about  4,000  inhabitants,  having  no  supply  of  water  but  spring- 
wells,  the  number  of  deaths  were  between  200  and  300 ;  and  in  all  the 
rest  of  the  town,  where  the  water  supply  was  taken,  the  whole  number 
of  cases,  I  think,  were  under  50,  and  the  deaths  under  20. 

In  the  Gorbals  side  of  the  city  of  Glasgow  at  the  same  time,  the  at- 
tacks of  cholera  were  trifling,  and  the  deaths  very  few  ;  but  on  the  north 
side  of  the  Clyde,  where  the  Clyde  water  is  used,  the  cases  were  4  to 
500,  about  the  half  of  which  died.  In  1832,  the  south  side  suffered  most 
severely,  and  at  that  time  they  also  used  Clyde  water.  I  cannot  say  posi- 
tively, that  all  this  was  in  consequence  of  using  soft  water ;  but  such 
facts  are  worth  attention. 

35.  Then,  on  the  whole,  the  preponderance  of  experience  goes  to 
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support  the  greater  salubrity  of  soft  water  over  hard? — There  is  no  Mr.stirrat, 
doubt  of  that. 

36.  What  is  your  experience  as  to  the  effect  of  soft  water  in  cooking-, 
tea-making,  and  washing? — Since  we  have  used  soft  water,  there  is  no 
comparison  as  to  its  value.  For  infusing  tea,  the  flavour  is  good  with  a 
much  less  quantity ;  and  in  cooking,  we  of  course  get  rid  of  all  those 
deleterious  sul)stances,  which,  in  an  imperceptible  manner,  generate  dis- 
eases ;  and  as  to  washing  and  bleaching-,  any  industrious  housewife  can 
tell  the  advantage.  I  should  say,  from  experience  as  a  bleacher,  that 
if  I  were  compelled  to  use  the  London  or  the  Liverpool  waters  in  my 
trade,  that  for  every  1,000  lbs.  of  soap  J  use,  I  should  have  to  use  at 
least  2,000  lbs.,  and,  after  all,  the  same  cleansing  effect  would  not  be 
gained. 

37.  What  is  your  opinion,  from  your  experience,  as  to  the  constant 
service  supply,  and  the  intermittent  supply.  Viewing  it  in  relation  to 
the  modes  in  which  the  towns  in  England  and  Scotland  are  at  this  time 
supplied  with  water,  and  as  to  the  expense,  advantages,  and  disadvan- 
tages of  the  one  mode  as  compared  with  the  other? — I  am  most 
decidedly  in  favour  of  the  constant  supply  system,  whether  I  look  to  the 
interest  of  the  Water  Company  or  to  the  consumer. 

There  is  less  waste  of  water,  the  consumer  never  taking  more  than 
he  wants  at  the  time.  The  pipes  of  the  Company  are  not  coi  roded,  the 
action  of  the  atmosphere  on  the  pipes  in  a  damp  state  vvhen  empty  be- 
ing the  cause  of  corrosion.  Pipes  under  constant  pressure  will  last  three 
times  longer  than  on  the  intermittent  supply  principle.  The  population 
have  the  use  of  the  water  at  ail  hours,  night  and  day.  They  have  it 
at  all  times  clear  and  cool. 

In  cases  of  fire  it  is  almost  impossible  to  calculate  its  value. 

In  Paisley  we  have  fire-plugs  on  the  mains,  and  also  at  Glasgw 
New  Works  ;  in  the  latter  place  there  is  a  pressure  of  220  feet,  and 
by  attaching  a  hose  to  a  fire  phi g,  which  is  the  work  of  only  a  few 
ramutes,  any  fire  is  immediately  extinguished.  It  is  scarcely  possible 
to  burn  a  house,  the  flow  of  water  is  so  great,  and  continuous,  without 
any  manual  labour,  that  an  ordinary  floor  of  a  house  can  be  filled  with 
water  in  10  minutes.  I  do  not  mean  to  say  that  fire-engines  should  be 
dispensed  with,  as  it  is  evident  circumstances  will  occur  where  they  may 
be  of  much  use;  but  I  say  that  in  nine  cases  out  of  ten,  if  fire-plu"s 
are  placed  at  convenient  distances  on  the  mains,  fire-engines  will  very 
seldom  be  needed.  The  New  Glasgow  Water- Works  are  the  most  complete 
and  perfect  in  the  kingdom,  being  self-acting  throughout,  by  the  self- 
acting  sluices,  invented  by  James  Macinlay,  who  constructed  the  Shaw's 
Water  Works  at  Greenock.  Thus,  supposing  a  great  fire  to  take  place 
in  Glasgow  (south  side  of  Clyde),  and  four  Jr  five  times  the  quantitv 

n„r-f         '''^"'Ir'r  ''^''^^^^  S'"'"       '^'^  such  extr^ 

quantity  is  drawn  off  from  the  mam  pipe,  these  sluices  act  from  the  ci»v 
on  the  reservoir,  (five  miles  distant)  and  the  same  quantity  as  is  drawn 

dfs.^h,  ["'^'^I^'f  "'y' discharged  from  the  resei^oir  mto  the 

distr.but.ng-tank.  and  this  discharge  will  continue  for  anv  len-th  of 
time  required,  without  the  aid  of  any  one,  or  any  manual  labour  wha?- 

th?^nL?T''\"'i'  ^"^"^ver,  would  require  to  be  seen  and  examined  on 
the  spot  to  be  duly  appreciated.    The  water  here  flows  40  feet  (out  of 
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Jr.  stirrat.  the  hose)  above  the  hii^hest  house  in  the  district,  and  when  water  is 
tlirown  on  a  house  wiili  great  force,  it  is  separated  into  millions  of  par- 
ticles, and  an  immense  amount  of  steam  produced,  which  soon  extin- 
guislies  a  fire. 

38.  If  a  fire  takes  place  in  London,  the  average  time  before  adequate 
aid  is  procured  is  above  30  minutes? — The  time  must  vary  according 
to  circumstances;  but  with  the  fire-plugs  and  hose  attached,  the  time 
generally  will  only  be  about  one-fourth  of  that  by  fire-engines. 

39.  Have  you  not  got  into  the  habit  of  washing  the  streets  by  jet? — 
Not  yet.  I  wished,  as  a  member  of  the  Town  Council,  that  it  should 
acquire  the  water-works  to  be  under  the  control  of  the  Corporation, 
in  order  to  have  that  and  other  sanitary  measures  adopted ;  but  so  far 
we  have  not  agreed  on  the  terms.  For  many  reasons,  I  am  decidedly 
of  opinion  that  Corporations  alone  should  possess  the  right  of  supplying 
a  population  with  water,  and  not  a  trading  Company. 

In  the  Gorbals  of  Glasgow,  water  is  given  gratis  to  all  persons  on  the 
pauper-roll,  and  also  to  public  balh  and  washing  houses,  if  such  should 
ever  be  erected. 

40.  What  are  your  prices  of  a  constant  supply  of  water  to  small  tene- 
ments?— In  Paisley,  there  is  a  population  of  upwards  of  40,000  supplied 
with  water,  the  total  population  being  50,000,  yet  the  whole  rental  of  the 
burgh  is  only  50,000/.,  including  factories,  &c.  ;  the  lowest  charge 
there  is  5^.  :  but,  in  the  Gorbals  of  Glasgow,  the  charge  is  only  1*.  per 
pound  on  all  rentals  ;  of  course  an  apartment,  rent  21.,  is  only  2s.  I 
may  here  state,  that  a  charge  on  rental  is  not  a  fair  data  to  rule  by  as 
to  water-rates,  that  is,  as  to  the  price  of  any  given  quantity  supplied. 
A  house  in  Paisley  may  be  had  for  100/.  a-year,  that  at  Charing  Cross 
in  London  would  be  rented  at  300/.,  and  the  5"«f«i^eV?/ of  water  con- 
sumed in  both  houses  be  about  the  same. 

41.  Do  you  find  convenience  and  improvement  as  a  landlord  from 
the  more  plentiful  distribution  of  water? — I  certainly  do.  The  houses 
are  much  cleaner  and  in  better  condition  in  all  respects.  I  have  the 
charge  of  tenements,  my  own,  and  in  trust  for  deceased  friends,  con- 
taining about  250  tenants,  and  I  cannot  let  a  house  to  any  good 
tenant,  even  of  the  lowest  labouring  class,  if  water  is  not  laid  on  in  it. 
The  poorest  person  will  not  take  a  house  without  water-pipes  in  it,  if 
he  can  procure  one  with ;  and  they  uniformly  prefer  a  house  with 
the  water  inside. 

42.  What  is  the  quantity  of  water  consumed  by  each  person  in  your 
town  ? — The  quantity  given  off  now  from  the  reservoir  amounts  to 
45  gallons  daily  to  each  head  of  the  population,  but  fully  25  gallons  of 
this  is  used  for  manufacturing  purposes,  leaving  nearly  20  gallons 
a-day  for  private  use.  I  am'  aware  that  this  is  considered  a  large 
quantity,  as  compared  with  some  other  towns,  but  it  is  easily  accounted 
for. 

As  an  instance,  in  London  the  clothes  are  given  out  to  the  country  to 
wash,  but  in  Paisley  nine-tenths  of  the  population  are  of  the  working 
class,  who  wash  all  their  clothes  in  their  own  kitchens,  and  havmg  no 
water-closets,  the  quantity  of  water  used  where  they  have  it  so  conve- 
niently is  much  larger  in  washing  their  pots,  than  if  they  had  a  water- 
closet  to  resort  to. 

43.  In  Scotland,  are  the  towns  supplied  generally  on  the  constant 
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service  principle,  or  by  an  intermittent  supply? — By  the  constant  Mr.SHrrat. 
service,  in  almost  eveiy  instance. 

44.  Can  you  enumerate  the  places  supplied  by  constant  service? — 
Glasgow  New  Worlis,  Paisley,  Aberdeen,  Dundee,  Ayr,  Kilmarnock, 
Pollockshaws,  Govan,  Troon,  Ardrossan,  Perth,  Montrose,  Greenock, 
Crossmyloof,  Strathbungo,  and  many  others;  and  Bills  are  now  in 
Parliament  lo  supply  other  towns  on  the  same  principle,  viz.,  Nitshill, 
Hurlet,  Barrhead,  Neilston,  Rutherg-len,  Dumfries,  &c.,  &c. 

45.  VVliat  is  the  size  of  the  main  at  Paisley,  and  the  New  Works  at 
Glasgow? — At  Paisley,  19  inches,  with  a  pressure  of  120  feet;  and  at 
Glasgow,  2  fet't,  with  a  pressure  of  220  feet. 

46.  In  London,  it  is  estimated  that  the  expense  of  washing  is  Is.  a- 
head  per  week,  making  the  annual  expense  of  washing  in  the  metropolis 
not  less  than  5,000,000/.  a-year ;  liow  much  do  you  think  a  supply  of 
soft  v/afer  would  save  in  soap  in  a  year? — I  should  say,  from  my  expe- 
rience as  a  bleacher,  that  if  we  had  to  use  water  like  yours  in  London, 
we  should  have  to  use  at  least  twice  the  quantity  of  soap  that  we  now 
consume. 

47.  "What  is  the  size  of  the  service-pipes  used  by  you? — In  Paisley, 
half  and  (hree-quarter  inch  ;  in  Glasgow,  half-inch,  in  almost  every  case 
of  domestic  supply;  and  in  Stirling,  only  quarter-inch  lead  pipes;  the 
pressure  in  the  latter  place  being  450  feet,  these  small  pipes  are  found 
to  be  quite  large  enough. 

48.  Have  you  ever  used  clay  pipes  ?— Such  pipes  were  tried  at 
Greenock,  but  were  not  found  to  answer;  they  gave  way  at  the  joints, 
and  the  jointing  of  them  was  found  expensive  and  unsatisfactory. 

49.  Are  there  any  other  pipes  than  lead  and  iron  that  may  be  used, 
combuinig  cheapness,  and  adding  purity  to  the  water.?— Iron  and  lead 
are  the  only  pipes  that  we  have  found  to  answer.  Since  I  came  to 
London  at  this  time,  I  have  been  making  inquiries  as  to  "-lass  pipes 
and  am  offered,  by  Mr.  Lochhead,  the  seat  l^d.  per  lb.,  to  stand  a  pres- 
sure of  400  feet  and  to  be  jointed  with  melted  glass,  by  means  of  the 
blow-pipe,  with  solid  glass.  I  have  ordered  a  few,  to  mkke  the  experi- 
ment, but  cannot  say  how  it  may  do  until  a  trial  is  made.  Clay  pipes 
were  used  m  ancient  times  to  supply  water;  as  an  instance,  King 
Hezek.ah  (see  2nd  Book  of  Kings,  chap.  20,  verse  20,  and  2nci  Book 
of  Chronicles  chap.  32,  verse  30,)  brought  in  water  from  Jerusalem; 
Ins  pool  and  conduit  are  still  to  be  seen  ;  the  conduit  is  3  feet  square 
insKle,  built  of  freestone,  strongly  cemented ;  the  stone  15  inches  thick, 
evidently  intended  to  sustain  a  considerable  pressure  of  water  and  I 
have  seen  pipes  of  clay  taken  by  a  friend  from  a  house  in  the  I'uins  of 
the  ancient  city,  of  one-inch  bore,  and  about  seven  inches  in  diameter 

'  to  my  mind  that  ancient  Jerusalem  was  supplied  .4' 
water  on  the  principle  of  gravitation.   The  pools,  or  reservoirs,  are  also 

The  ^1,./  r  t ^"""^  r^*^''  °'  ^h^'"  fil'^d  ^vith  water. 
J  he  other,  broken  down  ni  the  centre,  no  doubt  by  some  besieo  ino- 
enemy,  to  cut  off  the  supply  to  the  city.  ^  oesu^ing 

find^ilP  J't  1^"  proportionate  amount  of  storage  necessary  ?-We 
K  tW  u°  "P  «o  that  no  water  may  be 

lost  that  we  must  have  storage-room  provided  for  two-thirds ^f  the 

extent  of  drainage.    This  storage  is  sufhcient  to  store  up  the  surplus 
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'.  Mr.'surrat.  of  wet  vears  to  make  up  for  the  deficiency  of  dry  years  on  an  average 
of  16  years'  ex])ei"ience  of  the  rain-fall,  &c. 

51/ Then,  on  the  whole,  you  find,  that  the  constant  supply  at  Paisley, 
and  other  places,  constitute  an  immense  and  eHicicnt  preservation 
airainst  fire? — No  doubt  of  it.  Many  fires  occur,  but  when  the  alarm 
is  <riven,  they  are  generally  quite  out  in  half  an  hour  afierwards. 

52.  Have  you  heard  at  Paisley  of  pipes  freezing? — The  main-pipes 
never  freeze,  but  sometimes  the  service-pipes  do,  where  they  are 
improperly  placed. 

53.  What  is  the  softest  water  you  know  to  he  supplied  to  any  town? 
— The  towns  which  have  the  softest  water  supplied  are  Paisley, 
Glasgow  (New  Works),  Aberdeen,  Dundee,  Montrose,  Ayr,  Greenock, 
Kilmarnock,  Troon,  Ardrossan,  &c.  There  is  not  much  difference  in 
any  of  these.  There  is  no  chalk  nor  lime  in  any  of  these  waters,  being 
all  collected  from  hills  of  the  primitive  formations. 

54.  Have  you  found  any  inconvenience  from  the  constant  pressure  m 
repairing  pipes  or  mains  ? — Not  at  all ;  we  have  sometimes  had  occa- 
sion to  deprive  a  street  of  water  for  a  few  hours,  to  repair  a  joint  of  a 
pipe,  but  that  occurs  very  seldoin  indeed  ;  not  a  doxen  of  places  require 
such  repair  in  twelve  months  in  our  population  of  5O,OU0. 

55.  In  London  it  is  said  that  soft  water  causes  corrosion  in  pipes, 
and  is  liable  to  poison  the  population  ?— There  is  no  such  effect ;  such 
an  idea  is  downright  nonsense;  corrosion  in  pipes  takes  place  only 
under  the  intermittent  supply,  by  the  action  of  the  atmosphere  on  the 
pipe  in  a  damp  state ;  and,  as  I  have  said  before,  an  iron  pipe  constantly 
charged  will  not  corrode  at  all,  whether  the  water  be  hard  or  solt,  and 
will  last  at  least  three  times  as  long  as  a  pipe  into  wliich  the  air  is 

admitted.  o    t   v  ij 

56.  What  kind  of  pipes  do  you  prefer— earthenware  ?  —  l  should 
certainly  say  glass,  if  the  cost  and  jointing  could  be  properly  managed, 
which,  I  am  of  opinion,  will  soon  be  done.  Earthenware  is  unexcep- 
tionable, if  it  can  be  had  to  stand  the  pressure,  and  at  a  cost  as  cheap 
as  iron.    Lead  pipes  do  give  a  taste  unpleasant  to  the  water,  if  not 

constantlv  being  drawn  off.  .,-1,4. 

57.  In  London,  not  only  the  common  air  gets  into  the  pipes,  but  the 
real  sas  gets  in  also?-No  doubt  of  it.  This  must  be  the  case,  vyhen 
the  pipes  are  emptied  of  water  ;  but  on  the  constant  pressure,  nothing 
of  the  kind  can  by  any  possibility  occur. 

58.  It  has  been  alleged  that  if  the  supply  of  water  were^  constant, 
that  il  would  require  an  interference  on  the  part  ot  Water  Companies 
that  would  be  objectionable  and  unpleasant  to  consumers  .^-Experience 
shows  that  where  water  has  been  taken  inside  at  houses  that  it  is 
well  taken  care  of;  whereas  wells  suppHed  by  the  Company  at  the 
backs  ofhouses.  open  as  they  often  are  to  a  dozen  of  tenants,  no  care  at 
all  is  taken  of,  cm  the  principle  that  what's  every  body's  busine  s 
is  nobody's;  but  when  inside  of  a  house  every  one  fJ^^J  ^j;^;" 
own,  and  there  is  no  inducement  to  u.e  more  water  than  what  _  s 
absolutely  necessary.    This  almost  entirely  saves  interference  on  the 

'-'^^^fT^l^e  the  prime  cost  of  bringing  in  water  to  the 
toJns  yon  mention,  the  popilaticm  of  the  t.,wns,  and  the  annual  ex- 
pense of  conducting  the  works.  &c.?-^es:   at  Pa.sley  the  cost 
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was  61,000/.  Sixty-one  thousand  pounds,  and  I  could  have  done  Mr. stinat. 
it  for  S5,000/.,  with  the  assistance  of  James  Afackinlay,  whom  I 
have  mentioned;  but  a  very  great  extra  expense  was  incurred  from 
Mr.  Thom's  mistakes;  but  he  being  what  was  styled  an  eminent 
ENGINEER,  his  advicc  was  followed  at  a  great  loss  to  the  Company. 
Notwithstanding  these  drawbacks,  we  pay  a  5  per  cent,  dividend 
annually,  and  for  10,000/.  we  could  double  the  supply  of  water. 

60.  At  the  Gorbals  Water  Works,  in  Glasgow,  can  you  state  what 
the  entire  cost  amounts  to? — I  can.  The  estimate  by  Mr.  Gale, 
Civil  Engineer,  was  97,000/.  and  to  complete  the  works  1 10,000/.  were 
expended,  bnt  considerable  additions  have  been  made  to  the  works 
involving  fully  10,000/.  of  extra  expense ;  so  that  the  first  estimate  is 
beyond  the  sum  that  would  have  been  required  to  finish  the  works  as 
at  first  contemplated.  This  110,000/.  gives  an  ample  supply  to  a 
population  of  150,000,  and  a  Bill  is  now  in  Parliament  to  increase  these 
Avorks ;  whereby,  by  an  outlay  of  other  25,000/.,  an  ample  supply  can 
be  obtained  to  a  population  of  250,000  allowing  20  gallons  daily  to 
each  head  of  the  ])opulation.  ^ 

61.  Then,  you  bring  the  cost  of  the  main  apparatus  down  to  how 
much  per  head  of  the  population? — The  Gorbals  Water  Works  would 
beat  the  outset  about  16*.  per  head.  The  New  Works  contemplated 
will  reduce  it  to  about  10.?.  per  head  of  an  outlay,  and  to  include  the 
service-pipes  to  every  family  inside  of  the  house,  it  will  not  exceed 
(125.)  twelve  shillings  per  head. 

62.  What  is  the  effect  of  the  constant  supply  as  to  the  quantity  of 
water  used  ? — Tliere  is  less  used  unquestionably  under  the  constant 
supply  than  bj  the  intermittent  supply,  and,  as  I  before  said,  it  is  the 
best  system  for  the  Companies,  and  also  for  consumers,  in  every  respect. 

63.  What  is  the  annual  cost  of  management  at  Paisley  and  Glasgow  ^ 
New  Works  ? — At  Paisley  under  600/.,  and  at  Glasgow  under  900/., 
including  all  charges,  cleaning  filters,  mending  fences,  &c. ;  and  the 
annual  expense  will  not  increase  with  the  extension  of  the  works. 

64.  Then  are  you  of  opinion  that  a  Water  Company  should  not  only 
lay  the  main  y>ipes,  but  also  the  service  pipes  to  each  house?  —  I  am 
most  decidedly  of  that  opinion,  both  for  convenience  to  the  consumers 
of  water,  and  for  economy  and  efficiency.  The  want  cf  this  power  is 
the  only  deficiency  in  the  Scotch  Water  Companies  to  which  I  have 
referred. 


Copy  of  a  Letter  from  Mr.  Gale. 

Sir,  Glasgow,  22nd  April  1850. 

In  reply  to  your  letter  (lo-l-^),  dated  16th  instant,  regarding  the  Mr.  Gale. 
Inquiries  which  the  General  Board  of  Health  are  now  instituting  on  the 
subject  of  a  supply  of  water  to  towns,  I  now  beg  to  otfer  the  following 
remarks  : — And,  1st.  As  to  the  source  to  be  recommended,  for  giving  a 
pure  and  abundant  supply  to  a  town ;  I  would,  generally,  give  a  de- 
cided preference  to  the  mode  of  collecting  the  water  in  reservoirs,  from 
streams  and  surface  drainage,  where  this  is  practicable,  and  can  be 
accomplished  at  a  reasonable  outlay. 

The  jdan  which  I  usually  adopt,  is  to  fix  upon  a  stream  or  streams, 
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Mr^ie.   on  sufficiently  elevated  grounds,  so  as  to  admit  of  the  water  bein?  intro- 
duced by  gravitation.  ° 

In  cletermining  the  position  for  the  reservoirs,  I  keep  in  view  the 
propriety  of  arrano-i„g  them,  so  as  to  admit  of  extension  from  time  to 
time,  as  the  demand  might  increase,  by  the  construction  of  additional 
reservoirs,  on  ground  still  more  elevated,  either  in  the  same  or  the 
adjoining  vallies,  whereby  the  additional  supply  could  be  drawn  into 
the  lower  reservoirs,  and  from  thence  into  the  filters. 

This  is  a  matter  of  essential  importance  where  towns  are  rapidlv 
increasing  in  population. 

Water  thus  collected  is  generally  found  to  be  almost  entirely  free 
troni  matter  held  m  solution,  and  that  held  in  suspension  is  allowed  to 
settle  down  to  a  great  extent  in  the  reservoirs  and  is  drawn  off  to  the 
filter  beds  in  a  comparatively  pure  state.  It  is  also  generally  found  to 
be  remarlcably  soft,  superior  as  a  beverage,  when  properlv  filtered,  to 
hard  water,  well  adapted  for  brewing,  making  tea,  washing,  and 
culinary  operations;  or  in  other  words,  it  is  greatly  to  be  preferred  to 
hard  water,  for  all  domestic  and  manufacturing  purposes  whatever. 
The  hardness? of  water  thus  collected  I  have  found  ranges  from  about  • 
4  to  7  degrees,  depending  to  some  extent  on  the  quantity  and  quality 
of  the  spring  water,  which  must  of  necessity  mingle  with  the  soft 
when  collected  in  the  reservoirs. 

There  is  also  a  better  opportunity  by  this  mode  of  getting  water  un- 
polluted by  public  works,  and  the  refuse  and  sewerage'of  towns,  which 
flows  directly  or  derivatively  into  most  large  rivers," and  which  may  be 
preserved  from  contamination  by  Legislative  enactment. 

Further,  it  is  almost  invariably  found,  that  hard  water  is  impregnated, 
to  a  greater  or  less  extent,  with  carbonate  of  lime,  and  other  deleterious 
substances  held  in  solution,  the  constant  use  of  which  has  a  tendency 
to  produce  gravel  and  stone  in  the  human  system.  In  proof  of  which 
it  may  be  stated  that  the  inhabitants  of  the  town  of  Paisley  w^ere 
much  afflicted  with  these  diseases  previous  to  the  introduction  of  pure 
5oft  water  into  that  town,  whereas  now  they  have  almost  entirely  dis- 
appeared;  and  again,  the  inhabitants  of  the  town  of  Kilmarnock  are, 
up  to  this  moment,  similarly  afilicted,  arising  from  the  almost  exclusive 
use  of  hard  spring  water. 

In  this  latter  case  I  anticipate  a  remedy  in  the  course  of  a  few 
months,  by  the  introduction  of  a  plentiful  supply  of  soft,  pure  filtered 
water. 

Again,  during  the  late  attack  of  cholera,  both  in  Paisley  and  Gorbals, 
the  cases  were  comparatively  rare,  with  the  exception  of  that  portion  of 
Paisley  beyond  the  range  of  the  Water  Company's  pipes,  where  the 
cases  were  numerous;  and  in  the  same  town,  in  the  first  attack  of 
that  disease,  before  the  water  was  introduced,  it  was  very  severely  felt. 
The  town  at  that  time,  was  supplied  partly  from  springs,  partly  from 
roof  water  collected  in  tanks,  and  partly  by  carrying  it  from  the  River 
Cart,  and  doling  it  out  to  the  inhabitants  in  pitcher  fulls,  in  the  same 
way  as  is  done  in  the  town  of  Dumfries  at  the  present  time. 

The  south  side  of  the  city  of  Glasgow,  including  tlie  town  of 
Pollokshaws,  with  other  villages  along  the  line  of  mains,  comprehend- 
ing a  population  of  about  75,000,  is  supplied  from  a  stream,  draining 
2,750  acres,  distant  from  Glasgow  about  7  or  8  miles,  which  stream, 
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bv  the  formation  of  another  reservoir,  immediately  above  tbose  already 
eLcuted  (a  Bill  for  which  is  now  before  Parliament)  will  tl^en  y  eld  an 
abradant'  supply  of  water  of  the  finest  description   to  a  population  of 

'^Th(f  ?own  of  Paisley,  containing-  about  60,000  inhabitants  is  amply 
suppiie^rom  a  drainage  of  about  700  acres,  besides  giving  compensa- 

'"stWi^wiih^;  population  of  10,000  is  supplied  from  a  drainage  of 
about  150  acres;  the  contributing  ground  m  this  case  bemg  chiefly 
Siinstoneand  hilly  pasture  ;  filtration  was  found  to  be  uni~^^^^^^ 
account  of  the  purity  of  the  water  collected  in  the  ^f™^-  ^^^^e 
contributing  grounds  to  Gorbals  and  Paisley  were  pasture  and  arable 
land,  and  in  both  cases  the  water  is  filtered.     _  _ 

In  the  towns  above  enumerated,  the  water  is  giving  entire  satistac- 
tion  to  the  inhabitants,  and  the  Towns  of  Kilmarnock,  Stranraer,  Dum- 
fries, and  Maybole,  are  following  out  the  same  system  of  supply,  which 
I  have  no  doubt  will  give  equal  satisfaction  when  introduced, 

There  are  many  objections  to  the  system  of  pumping  water  Iroin 
large  rivers,  for  the  supply  of  towns.  In  the  first  place-,  it  is  lound 
that  they  are  generally  liable  to  become  polluted  by  pubhc  worlcs  and 
from  the  drainage  of  towns  and  villages,  an  evil  which  is  gradually 
increasing;  this  is  felt  mostly  during  long  droughts,  when  the  waters 
are  in  a  low  condition  ;  as  an  example,  the  Glasgow  Water  Company 
draw  their  supply  from  the  River  Clyde,  about  two  miles  above  the 
city,  above  which  point  there  have  been  numerous  public  works  and 
populous  towns  and  villages  sprung  up  on  the  river  and  its  tributaries. 
This  growing  -vil  compelled  the  Company  to  apply  for  power  to  have 
it  remedied/ by  drawing  their  supply  from  a  source,  upwards  of  30 
miles  distant  from  the  city  ;  the  power  was  granted,  but  the  works  have 
not  yet  been  carried  into  execution. 

Further,  in  drawing  from  rivers  the  water  would  necessarily  be 
drawn  at  times,  when  it  was  in  a  turbid  state,  tending  more  readily  to 
choke  up  the  filters  ;  and  again,  when  water  is  abstracted^  from  a  river, 
compensation  in  money  would  have  to  be  paid  to  parties  interested, 
in  many  cases,  as  no  compensation  in  water  could  possibly  be  given. 
"Whereas,  by  storing  up  the  surface-water,  as  has  been  proposed,  in 
reservoirs  on  elevated  grounds,  compensation  in  water  may  be  given 
out  regularly  during  the  whole  year,  generally  to  the  extent  of  one- 
fourth  of  the  whole  available  fall  of  rain";  whereby  the  mills  and  public 
works  are  infinitely  belter  supplied  than  they  are,  when  obliged  to  take 
the  water  when  it  comes,  at  one  time  having  a  great  deal  too  much, 
and  at  another  a  great  deal  too  little. 

Another  advantage  a  gravitation  scheme  has  over  a  pumping  scheme 
is,  the  comparatively  small  annual  expense  required  for  the  former, 
where  the  works  are  properly  constructed.  In  the  case  of  the  Gorbals 
gravitation  Water  Works,  one  superintendent,  with  the  occasional  as- 
siMance  of  two  or  three  labourers,  when  cleansing  the  filters,  is  found 
to  be  quite  adequate  to  send  a  constant  supply  of  pure  water  into  the 
town;  and  were  the  population  trebled,  the  additional  expense  in  clean- 
ing the  filter  beds  would  be  but  trifling. 

As  to  the  mode  of  supply  from  wells  or  deep  springs,  I  am  of  opinion 
that  it  should  never  be  resorted  to,  if  it  be  possible  to  get  a  supply  of 
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r  mod  "^'7  «f  ^P""S«.  -nd,  therefore,  I  could  noire  om.nend 
that  rnode  ol  supply.n-  a  town  with  pure  wholesome  water. 

tenfon^'e  ni.   ^^.V""  °^  ^  T''^'''  '"PP'y     Vrefereuce  to  an  intermit- 
tent one  I  hink  there  can  be  but  one  opinion,  and  I  feel  satisfied  that 
BO  one  havmj.  had  the  experience  of  the  fonner  would  eve    thtk  of 
falhng  backon  the  latter.    The  reasons  are  obvions.    P.rlt   i  les 
expensive  m  the  annual  outlay,  fewer  hands  being  require<l   '  S  cond 
the  water  is  less  disturbed  in  the  pipes,  and  is^nt?oduced  into  he 

ds?ern,      Tk''.   .V'  ""'^^'^^  '^e  pipes  and 

1  :         ?  ^^-^       tenements  being  supplied 

mth  tanks  or  cisterns.  And,  lastly,  in  the  event  of  fires,  the  water  beino- 
constan  ly  at  hand,  the  plugs  may  be  opened  without  delay.  And 
where  the  source  of  supply  is  sufficiently  elevated,  the  aid  of  fire- 
engines  may  be  alto-ether  dispensed  with,  as  in  the  case  of  Gorbals 
where  there  ,s  a  head  pressure  of  225  feet;  Stirlin-  with  a  pressure  of 
45U  teet,  and  Kilmarnock  with  a  head  of  270  feet. 

The  pipes  in  all  cases  are  constantly  charged,  and  by  the  adoption  of 
the  improved  fire-plug,  and  connecting  stand  pipe  four  hose  maybe 
made  to  play  from  each  fire-plu-  with  better  effect  than  with  as  many 
engines. 

Fires  have  occurred  in  Gorbals  where  they  have  been  ffot  under  and 
extinguished  before  the  arrival  of  the  engines  and  their  attendant  butts. 
Ihis  is  a  matter  of  great  importance  in  all  large  towns  where  so  much 
property  is  annually  destroyed  by  the  ravaiies  of  fire. 

In  concluding-  this  part  of  my  remarks  I  would  merely  state,  that  if 
possible,  where  any  new  Water-works  are  to  be  established  the  system  of 
constant  service  should  be  adopted ;  and  in  cases  where  the  intermit- 
tent system  is  already  in  existence,  that  the  advantages  of  a  chaniie  to 
constant  service  would  more  than  counterbalance  theexpense  of  makin"- 
the  necessary  alterations.  ° 

As  to  "  the  average  daily  domestic  consumption,  as  distinguished  from 
the  quantities  used  in  manufactories,  or  by  other  large  consumers,  and 
that  used  at  stand  pipes,  and  in  watering  roads  and  streets,  and  other 
public  purposes,''  there  is  some  difficulty  in  arriving  at  definite  con- 
clusions in  detail,  on  account  of  the  want  of  proper  meters  for  the 
public  works,  this  defect  I  expect  soon  to  overcome,  when  I  shall 
institute  some  experiments  so  as  to  get  proper  data  upon  which  to  pro- 
ceed. The  results,  when  obtained,  "l  shall  be  glad  to  transmit  to  tlie 
Metropolitan  Sanitary  Commission. 

In  the  meantime,  I  may  observe,  that  from  observations  made  on  the 
total  consumption  in  Gorbals,  for  all  purposes,  it  averages  about 
32  gallons  to  each  individual,  daily;  and  that  for  a  town  such  as 
Glasgow  nothing  less  should  be  calculated  on  wlicre  so  many  of  the 
houses  are  fitted  up  with  baths  and  water-closets,  and  where  manu- 
factories and  other  public  works  are  so  numerous. 

In  towns  such  as  Kilmarnock,  Stirling,  &.c.,  where  the  luxury  of 
a  bath  is  rarely  met  with,  except  in  the  higher  class  of  house?,  and 


QualUy  and  Quantity  of  Water  used  and  required.  91 
.heve  public  worKs  are  not  so  numerous  in  proportion,  25  gallons  Mr^., 

^r^^::^t:^^^:^^^^  suppUea      t.e  Gorbals 
Gravitation  Water  Company  :-  Grs.  inimp.  gaii. 

.  1*150 

Organic  matter  .        •        •        •  3-610 

Carbonate  of  lime  ^g^^ 

Sulphate  of  lime  •  •  •  '  *  -881 
Common  salt  ..••**  .oon 
Sulphates  of  potash  anil  soda  .  •  *  .120 
Map:nesia  ^^^^ 

Oxide  of  iron  ^^^^ 

Silica      .        .        .      ■  •        •        •  •  

Total  quantity  of  foreign  matter  .        .  "'''^^O 

Specific  gravity         .        •        •  '..^'^^^'^^^ 

Degrees  of  hardness  according  to  Dr.  Uark  s        .  ..^.^ 
scale  and  process    .        .        •        •        .     4  ^  0 

The  above  analysis  was  made  on  the  27th  June  1845  from  speci- 
mens taken  from  t'he  running  stream,  and  no  analysis  nas  been  made 
since  the  works  have  been  completed;  but  I  believe  that,  from  the 
subsidence  in  tlie  reservoirs  and  the  filtration  which  the  water  after- 
wards undergoes,  that  the  water  will  not  only  have  been  deprived  ot 
all  or-anic  matter  held  in  suspension,  but  also  that  the  amount  of  other 
forei-u  matters  held  in  solution  will  have  been  to  some  extent  reduced, 
rendering  it  nearly  equal  to  rain  water,  seeing  that  the  specimens  were 
taken  in  dry  summer  weather. 

As  to  the  evidence  of  Mr.  Martin,  of  Wolverhampton,  and  the  state- 
ment of  Mr.  Coulthart,  of  Ashton,  I  entirely  coincide  with  them  in  the 
advantao-es  to  be  derived  from  a  change  from  intermittent  to  constant 

supply.  ,  .    XT.  1  • 

I  do  not,  howerer,  think  that  this  change  should  require  the  laying 

down  of  larger  mains  as  stated  by  Mr.  Coulthart. 

I  am  a  little  surprised  that  so  little  water  is  used  for  domestic  pur- 
poses both  at  Ashton  and  Wolverhampton,  but  I  have  no  doubt  that 
the  statements  made  regarding  the  supply  of  these  towns  are  quite 
correct. 

There  is  a  difference  of  opinion  regarding  the  propriety  of  reticula- 
lin"-  the  street  pipes  throughout  a  town,  but  this  is  a  point  whicii  is 
probably  unnecessary  to  examine  in  these  remarks. 

I  beg  to  send  annexed  to  these  remarks  a  few  tracings  explanatory 
of  portions  of  some  of  the  works  in  which  I  have  been  engaged,  and 
which  may  probably  be  of  some  use  in  drawing  up  the  Report  of  the 
Metropolitan  Sanitary  Commission. 

Drawing  No.  1  exhibits  a  plan  of  the  reservoirs,  and  other  works 
connected  therewith,  belonging-  to  the  Gorbals  Gravitation  Water  Com- 
pany, which  have  been  in  operation  for  upwards  of  two  years  ;  also  of 


Explanation  of  Drawmys. 

.no»ed  to  settle  "|;,us°i^     ;X.  v^'nTC" 

pl.e.  the.  fillers  in  a  compur'tively  p„Te  ^"P" 

self-acting  apparatus  wl,  ch  has  beeradonl,  i    L    '     'T  f 
!ire  kept  at  the  same  level,  whether  ti.e  draf  a^,  1  , T^"' 
small  by  flrst  operating  on  the  cond 'it  leadit  't*  ,,  Titer 

intervention  of  manual  labour.  self-act.ng,  without  the 

Drawing  No.  3  shows,  on  an  enlarged  scale  a  nl  m  nrth.  «i.    i  j 
and  pure  water  basins.    It  will  be  see.,  iTl  Z^Z  j^^^^^^^^^^^ 
beds  and  baszn  m  duplicate,  either  set  of  which  can  be  w  rLd  wh.lf 
the  others  are  being  cleansed  :  the  water,  upon  ieavino-  the  conTjf 
passes  through  the  upper  filter,  rises  up  iu'tbl  hollow-^^11  sepaTatnl^ 
the  centre  from  the  upper  filter,  falls  on  to  the  second  fiUerinr^^^^^^ 
passes  hrough  the  filtering  material  of  sand  and  gra"'l, 
second  hollow  wall,  thence  through  the  material  of  tl.e  thi'rd  filTer;con - 
posed  ot  saud,agam  rises  ,n  the  hollow  wall,  separating  the  low"  r 
fi  ter  from  the  pure  water  basin,  and  at  length  into  said  basin  bv 

i!  nnv"'!l"f'       t'^'  ""^""^"^^  ^  "-'P'^  The  water 

IS  conveyed  from  the  pure  water  basin  into  the  town  by  a  2-feet  main 

ana  distributed  by  constant  service  in  the  usual  way  ' 
Drawing  No.  4  exhibits  the  various  heights  of  the  reservoirs  and  pure 
water  basms  above  the  Broomielaw  Quays  at  Glas-ow  ^ 

r    kTw^",^''-  ^  ^  "^'''^'^       ^  ^""'^"^  arrangement  to  the 

Gorbals  Water-works  now  executed  for  the  .own  of  Kilmarnock,  but 
upon  a  UKjch  cheaper  and  simpler  plan ;  the  whole  of  which,  as  in  the 
Gorbals  Works,  is  self-acting  throughout. 

Drawing  No.  6  shows  how,  in  a  small  town  such  as  Stranraer,  where 
the  water  is  collected  in  th.  reservoir  in  a  comparatively  pure  state 
may  be  sent  mto  the  town  without  filtration  by  means  of  a  moveable 
pipe  and  float,  surrounded  with  fine  wire  gauge  screens  which  retains 
matter  held  in  suspension,  and  from  the  simplicitv  of  the  arrano-ement 
can  be  taken  out  and  cleansed  when  found  necessarv.  ' 

One  of  the  great  objects  I  have  invariably  found'in  5upplyin<r  small 
towns  is  an  economical  mode  of  constructing  the  works,  otliervvise  the 
projects  would,  in  many  cases,  have  been  abandoned. 

In  concluding  these  remarks,  I  would  beg  to  state  that  I  shall  be 
Jiappy  if  required,  to  fiirnisli  any  additional  information  in  my  power 
as  wel  as  give  such  facts  bearing  upon  the  subject  which  niav  be 
ehcited  trom  time  to  time  in  the  prosecution  of,  or  experimenting  upon, 
a  branch  of  engineering  so  deeply  ailecling  the  well-being  of  "society 
wherever  congregated  in  masses. 

I  liave  the  honour  to  be,  Sir, 

Your  most  obedient  Servant, 

„       A  (Signed)  William  Gale. 

Henri/  Austin,  Esq. 


Wells. 
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Mr. 

Frederick  Braithwaite,  Esq.,  M.  Inst.  C.E.,  examined.  Braithwaue. 

How  long  has  your  attention  been  directed  to  the  supply  of  water  from 
^,eHg?_Since  1835,  when  1  succeeded  my  brother,  John  Braithwaite, 
I  have  been  professionally  engaged  in  obtaining  supplies  of  water  from, 
wells.  My  father  and  grandfather,  as  also  my  brother,  were  for  many 
years' similarly  engaged.  The  men  employed  were  Doxey,  sen.,  Doxey, 
juu.,  Powell,  sen.  (all  dead),  and  W.  Powell,  jun.,  now  residing  at 
Hornsey-lane,  Islington. 

Chiefly  in  the  metropohs,  I  believe? — ^Yes ;  and  some  distance  round 
London,  15  to  20  miles.  I  have  personally  superintended  the  sinking 
and  formation  of  the  principal  wells  in  London. 

Will  you  put  in  a  chart  of  the  principal  deep  wells  in  London  ? — I 
will  do  so. 

AVillyou  mention  the  wells  that  you  and  your  house  have  constructed? — 
The  Blackwall  Railway,  Minories. 
Reid  and  Co.,  Liquorpond-street. 
Greenwich  Hospital. 
Combe  and  Co.,  Castle-street. 
Meux  and  Co.,  Tottenham-court-road. 
Hanbury  and  Co.,  Brick-lane. 
Barclay  and  Co.,  Southwark. 
Calvert  and  Co.,  Thames- street. 
Charrington  and  Co.,  Mile  End. 
Godi  ig  and  Broadwood,  Broad-street. 
Hampstead  Water-works, 
Conservative  Club,  St.  James's. 
Union  Club,  Pall-mall. 
Ravenhill  and  Miller,  Glasshouse-street. 
Weiss,  Strand. 

Potts,  Vinegar-yard,  Southwark. 
Russell  and  other  squares. 
Hodgson  and  Abbott,  Bow. 
Deany  and  Plenley,  \ 


Superintended  as  altered. 


Kingston  Union, 
Robarts,  Roehampton, 
Durant,  Putney, 

Harnett.  j 
Bridgewater,  Countess  of. 
Bricheno,  Skinner-street.  • 
Richmond,  RatclifFe. 

And  many  other  smaller  wells  at  Cobliara,  Leatherhead, 
Hertfordshire,  and  other  localities. 

Have  you  any  sections  showing  the  different  strata  passed  through  in 
sinking  wells  in  the  metropolis?-— Yes;  and  I  have  sent  some  for  the 
inspection  of  the  Honourable  Commissioners.  I  would  refer  them  to 
a  particular  set  of  samples  of  the  diflferent  strata  passed  through  in 
sinking  the  well  at  the  Minories,  which  I  had  the  honour  of  presenting 
to  the  Museum  of  Economic  Geology. 

At  what  depth  did  your  borings  commence,  and  to  what  depth  were 
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Welh  at  Greenwich  and  Deptjora. 


Mr 

Braithwaitc. 


tlie.y  carried,  in  the  several  wells  referred  to? — At  Messrs.  Meux  and 
luiuaiicj  Tottenham-court-road  brewery,  the  well  had  been  sunk  into  the 

chalk  to  a  depth  of  40  ft.,  yielding  30  gallons  of  water  per  minute;  a 
boring  to  a  further  depth  of  229  ft.  only  yielded  10  gallons  per 
minute.  Tunnelling  was  then  adopted  in  the  direction  of  the  fissures 
in  the  chalk,  when  the  total  quantity  of  water  obtained  was  100  gallons 
per  minute,  since  which  the  supply  has  fallen  off,  and  the  tunnelling  has 
been  twice  extended,  obtaining  an  increase  of  l-5th.  This  well  origin- 
ally had  an  abundant  supply  of  water  from  the  sand-spring,  now  dry. 
This  remark  will  apply  to  many  wells  in  London.  This  well  is  dug  to 
the  chalk  156  ft.,  in  the  chalk  40  ft.,  and  bored  229  ft. ;  total  depth 
425  ft. 

Greenwich  Hospital  well  was  sunk  to  the  chalk  123  ft.  6  in.  from 
the  surface,  dug  30  ft.  in  the  same,  and  then  bored  100  ft. ;  in  all  253  ft. 
6  in.  deep.  The  peculiarities  of  this  well  are,  that  there  is  only  about 
4  ft.  of  plastic  clay,  and  no  blue  clay  :  that  the  land-spring  is  compa- 
ratively inexhaustible;  it  rises  to  within  14  ft.  6  in.  of  the  surface,  and 
ebbs  and  flows  with  the  tide  2  ft.  6  in. ;  it  extends  to  a  depth  of  35  ft. 
in  Thames  shingle  or  ballast,  The  sand-spring  very  abundant ;  but 
not  more  than  60  gallons  of  water  per  minute  could  be  pumped //-ee  of 
sand;  this  spring  rises  to  11  ft.  9  in.  from  the  surface,  and  ebbs  and 
flows  3  ft.  each  tide.  The  chalk-spring  was  not  so  abundant,  yielding 
only  120  gallons  per  minute  at  58  ft.  from  the  surface  ;  ebbs  and  flows 
4  ft.  6  in. 

Professor  Graham's  Report. 

"  The  water  of  the  three  wells  is  decidedly  hard  for  deep  wells  in  which 
the  water  comes  from  below  the  deep  clays ;  being  harder  by  one-half  at 
least  than  Thames  water,  &c.  &c. 

"  Several  of  the  deep  wells  about  London  which  I  have  had  the  oppor- 
tunity of  examining  are  softer  than  Thames  water ;  and  the  only  reason 
I  can  give  for  it  is  their  greater  depth  than  the  Greenwich  wells. 

(Signed)  "  Thomas  Graham." 

I  hand  in  an  analysis  of  three  waters  taken  from  bored  wells  to  the 
chalk  at  Greenwich  and  Deptford,  made  by  Professor  Graham  at  the 
same  time. 


Page's  Brewery,  Greenwich 
la  1  gallon  70,000  grains. 

Carbonate  of  lime  .... 
Sulphate  of  magnesia  .  •<  . 
Sulphate  of  soda  .... 
Cliloride  of  sodium  .... 

Solid  matter  . 


Page's  Well. 

Feet. 

124  to  the  chalk. 
1 52  bored  in  ditto. 


Grains. 
21-23 

2-  88 
0-60 

3-  12 

27-83 


Lamberfs  Brewer}',  Deptford. 
In  1  gallon  70,000  grains. 

Carbonate  of  lime  . 
Carbonate  of  magnesia  . 
Sulphate  of  magnesia 
Sulphate  of  soda 
Cliloride  of  sodium  . 
Loss  


Grains. 
lC-74 

0-  80 
2-75 
2-67 

1-  91 
1-33 


276  total  depth. 


Solid  matter 
Lambert's  Well. 

Feet. 
55  to  the  chalk. 
]  23  in  dialk  bored. 

178  total  depth. 


26-20 


TFells  in  the  Chalk. 
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Grcetiivich  Hospital.  „  Mr. 

1,  /xrv/\        •      N  Braithwaite. 

(1  gallon  70,000  grains.)  — 

Grains. 

Carbonate  of  lime  .     .     .     .     .  19"08 

Carbonate  of  iron  0'52 

Sulphate  of  magnesia  ....  2'04 

Sulphate  of  soda  3 '62 

Chloride  of  sodium  .  .  .  .  0"37 
Loss  1.67 


Solid  matter  .     .     .  27 '30  in  one  imperial 

gallon. 

N.B.  Iron  cylinders  were  used  throughout. 

Reid's  well. —  Cylinders  carried  down  and  into  the  chalk,  which  is 
135  ft.  from  the  surface  ;  excavations  in  the  chalk  continued  to  a  depth 
of  178  ft.  from  the  surface,  increasing  the  diameter  of  chalk  well  to 
16  ft.  6  in.,  when  it  was  continued  at  those  dimensions  to  a  further 
depth  of  24  ft.  (202  ft.)  Up  to  this  point  only  50  gallons  per  minute 
of  water  was  obtained.  At  196  ft.  a  tunnel  7  ft.  by  6  was  driven  96  ft- 
A  second  was  driven  120  ft.,  6  ft.  by  4,  producing  a  further  increase  of 
10  gallons  per  minute  from  No.  1  tunnel,  and  of  37  gallons  per  minute 
from  No.  2  tunnel.  A  boring  v/as  then  made  20  ft.  deeper,  which 
yielding  an  increase  of  7  gallons  per  minute,  a  7-ft.  shaft  was  carried, 
down,  and  two  more  tunnels,  one  96  ft.,  and  the  other  24  ft.  6  in.,  in  the 
direction  of  the  f  ssures,  giving  an  increase  of  116  gallons  per  minute; 
producing  in  all  not  200  gallons  per  minute.  Cost  7000/.  Superficial 
feet  of  chalk  exposed  in  this  well,  about  1600  ft.  N.B.  Of  this  well 
it  may  be  remarked,  that,  like  many  others,  there  was  orii^inally  a  large 
quantity  of  water  in  the  sand-spring ;  in  fact,  nearly  as  much  sand  as 
water  was  injuriously  raised.  The  house,  before  the  sinking  of  the  above 
well  (1841)  had  the  supply  from  the  New  River  Company,  and,  in 
consequence  of  the  falling  off  of  the  supply  in  the  new  well,  recourse  has 
been  again  had  to  the  Water  Company.  During  the  progress  of  sinkino- 
th  is  well  I  tried  experiments  on  the  absorbing  powers  of  the  chalk  taken 
immediately  above  and  below  the  fissures.    I  send  the  table. 

A  Table  showing  the  Weight  of  Water  absorbed  by  a  given  Weight 
of  Chalk  taken  from  above  and  below  the  Fissures  at  different  Depths. 

At  27  ft.  deep.  Above  the  fissure  a  piece  of  chalk  weighino- 
9  lbs.  15i  ozs.,  after  72  hours'  drying,  lost  10^  ozs.  ° 

Below  the  fissure,  weighing  10  lbs.  10  ozs.,  after  72  hours'  drying,  lost 
16^  ozs. 

At  53  ft.  deep  a  piece  weighing  3  lbs.  9  ozs.,  after  72  hours,  lost 
11  ozs. 

Below  the  fissure  a  piece  4  lbs.  15  ozs.,.  after  72  hours'  drying,  lost 
1  lb.  1  oz.  ° 

At  68  ft.  deep  a  piece  above  the  fissure,  12  lbs.  3  ozs.,  after  72  hours, 
lost  2  Ids.  3 ozs. 

A  piece  below  fissure,  10  lbs.  9  ozs.,  after  72  hours,  lost  1  lb.  15  ozs. 
Specific  gravity  of  chalk  2781. 

Messrs.  Combe  and  Co.'s  two  wells  at  the  brewery,  Castle-street,Long- 
acre.— In  consequence  of  the  rapid  decline  of  the  water  in  the  sand- 
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Water  in  Deep  Springs  rapidly  exhaustible. 


Mr.  spring  (173  ft.  deep)  in  the  new  well,  and  the  expense  of  obtaining  water 
Bniithwaito.  f^.Qp-j  sand-spring  in  the  old  well,  which,  from  pumping  too  much 
sand  some  years  ago,  had  fallen  in  at  the  bottom,  the  house  deter- 
mined to  bore  to  and  into  the  chalk,  which  is  223  fr.  from  the  surface. 
A  boring  was  at  first  carried  down  100  ft.,  the  stated  depth  hy  certain 
authorities  where  the  "  great  water-bearing  stratum  "  was  to  be  found,  but 
with  little  or  no  success ;  the  boring  was  continued  to  300  ft.  in  th.e 
chalk,  in  all  523  ft.  from  the  surface,  still  with  a  trifling  supply  of  not 
more  than  20  gallons  per  minute.  N.B.  The  new  well  being  provided 
with  an  accurate  gauge  enables  me  to  furnish  the  Commissioners  with 
the  accompanying  table  of  the  decline  of  the  water  in  the  sand-spring 
from  July  1837  to  December  1849.  The  table  has  been  compiled 
monthly : — 

If  the  Commissioners  should  require  it,  I  can  with  pleasure  furnish 
them  with  many  more  details  of  borings  in  the  several  wells  I  have  pre- 
viously named. 

How  far  do  you  think  the  deductions  to  be  drawn  from  the  facts 
which  have  occurred  under  your  own  observation,  conform  to  the  pre- 
valent views  of  geologists  or  of  the  projectors  of  Artesian  wells? — I  am 
of  opinion  that  the  result  of  my  observations  warrants  me  in  conforming 
to  the  views  of  Dr.  Bucldand  and  other  geologists,  who  consider  the 
water  in  the  deep  springs  xmder  London  or  of  the  London  basin  as 
exhaustible,  and  that,  comparatively,  in  a  very  rapid  degree.  I  therefore 
differ  with  the  projectors  of  the  Artesian  wells,  who  are,  in  my  opinion, 
led  into  error  by  the  partial  success  of  wells  sunk  in  a  deeper  part  of  the 
assumed  basin.  I  allude  more  particularly  to  the  three  tcells  sunk,  one 
opposite  the  National  Gallery,  and  two  others  in  Orange-street.  If 
I  may  be  permitted  to  digress,  I  am  of  opinion  the  Commissioners 
should  obtain  correct  information  touching  these  wells.  But  I  wish  it 
to  be  distinctly  understood  that  I  admit  that  there  is  still  a  large  quan- 
tity of  water  in  certain  localities  both  in  the  land  and  sand  springs,  but 
I  entertain  serious  doubts  if  any  large  quantity  of  water  is  to  be  obtained 
from  the  chalk  under  the  metropolis,  for  in  several  of  the  chalk-spring 
wells,  although  but  recenthj  sunk,  the  water  is  sensibly  declining. 

What  has  been  the  success  of  the  Hampstead  Water-works  ?— The  first 
well  was  sunk  by  my  brother  on  the  hill  by  the  side  of  one  of  the  upper 
ponds  to  the  sand-spring  336  feet  deep.  A  12-horse  engine  was  erected, 
and  for  some  considerable  time  there  was  a  good  supply,  but  the  pumps 
were  only  worked  in  times  of  deficiency  in  the  surface-waters.  Smce 
then,  in  consequence  of  the  falling  off  of  the  water,  Mr.  Myltie  was 
employed  to  sink  another  well  to  and  into  the  chalk.  I  am  informed 
that  the  well  is  dug  321  feet  to  the  chalk,  255  feet  m  the  chalk,  with  a 
very  short  supply,  and  that  he  is  now  boring  for  more  water. 

What  are  your  recorded  observations  of  the  effect  of  thepumpmg  and 
the  deep  working  at  one  part  of  the  metropolis  upon  another  ?— Several. 
The  most  remarkable  instance  is  now  in  operation.  The  pumping  at 
the  wells  near  Trafalgar-square  is  drawing  the  water  rapid.y  froin 
Messrs.  Combe  and  Co.'s  well,  the  Union  and  Reform  Clubs  wells,  and 
others.  That  at  Combe  and  Co.'s,  before  the  sinking  of  the  Trafalgar- 
square  wells,  produced  the  same  effect  upon  Coveut-garden  well,  for  until 
the  pumps  were  lowered  in  that  well,  which  I  had  advised  to  be  done  in 
the  first  instance,  the  engineer  was  compelled  to  pump  two  or  three  hours 
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before  Combe's  pumps  began  work.  There  are  several  other  recorded  Mr. 
instances.  The  effect  of  Barclay's  pumping-  on  Calvert's  well ;  in  fact,  '^'^'J^"'' 
there  has  been  one  universal  depression  in  all  the  wells  to  the  sand- 
spring,  varying  only  in  degree  according  to  the  various  depths.  I  may 
mention  two  instances  not  exactly  in  the  metropolis.  The  one  occurred 
at  the  brewery  of  Messrs.  Tritton  at  Wandsworth,  where  the  well,  drawing 
the  supply  from  a  neighbouring  well  (Mr.  Rutter's),  was  the  subject  of 
a  lawsuit.  The  other  occurred  at  the  Kingston  union  well,  sunk  to  the 
sand-spring  425  feet,  where  the  water  rose  to  within  7  feet  of  the  sur- 
face, which,  when  lowered  by  pumping  to  25  feet,  affected  Mr.  Palmer's 
well,  which  was  about  200  yards  distant,  also  sunk  to  the  sand-spring* 
Mr.  Palmer's  well  is  situated  something  lower  than  that  at  the  union, 
and  was  really  an  Artesian  xuell,for  it  overflowed ;  but  when  the  water 
at  the  union  well  was  lowered,  as  above  stated,  it  (Palmer's  well)  ceased 
to  do  so.  This  discovery  led  to  the  correction  of  an  important  error ; 
it  was  always  stated  that  Mr.  Palmer's  well-water  was  from  the  chalk, 
but  it  is  only  from  the  sand. 

Are  there  many  of  the  domestic  wells  remaining? — I  think  there  are  ; 
but  many  of  them  have  lost  a  considerable  portion  of  their  supply,  aris- 
ing from  the  construction  of  the  deep  sewers  cutting  into  and  through 
the  first  bed  of  gravel,  in  which  the  land-springs  are  or  were 
found. 

"Will  you  state  the  nature  of  your  proofs  to  show  that  the  Thames 
water  really  does  affect  the  well-springs? — The  proofs  I  adduce  are 
three:  1.  The  well  at  Greenwich  Hospital,  where,  as  I  have  pre- 
viously stated,  the  land,  sand,  and  chalk  springs  are  tidal.  2.  The 
fact  that  in  1832  the  water  in  10  of  the  principal  wells  in  London  rose 
to  and  stood  at  the  level  of  Trinity  high-water  mark,  but  does  not 
now  rise  to  the  same  level  within  50  and  more  feet.  3.  The  fact  that 
the  water  of  the  deep  wells  is  found,  upon  a  recent  analysis,  to  contain 
considerably  more  saline  matter  than  heretofore.  I  hand  in  a  table  of 
the  analysis  of  seventeen  different  waters ;  the  red  figures  denote  those 
of  the  deep  wells  under  London. 

It  is  stated  that,  in  the  course  of  digging  some  time  since  on  the 
premises  of  the  Vauxhall  Water-works  for  the  formation  of  a  reservoir, 
an  enormous  supply  of  water  was  found,  which  was  very  clear,  but  pos- 
sessing chalybeate  qualities,  and  was  totally  distinct  from  the  Thames 
water  ? — I  am  not  aware  of  that  fact. 

Will  you  put  in  any  illustration  of  the  evidence  of  this  tidal  effect  upon 
the  wells? — I  have  done  so;  but  ocular  proof  may  be  obtained  at  the 
well  at  the  brewery  of  the  Royal  Hospital,  Greenwich.  It  will  be  only 
necessary  to  ask  the  authorities  to  allow  the  pumping  to  be  discon- 
tinued a  few  hours. 

Were  these  waters  analysed  ?— The  chalk-water  was  analysed  by 
Professor  Graham,  and  I  have  given  the  analysis.  The  sand-water  was 
also  analysed,  but  I  have  not  the  analysis.  I  'understood  there  was  little 
difference  between  that  and  the  water  from  the  chalk.  The  land-water  is 
very  hard  indeed. 

It  appears  that  the  brewers,  who  can  avoid  it,  never  use  the  Thames 
water  ?— My  opinion  is  that  the  preference  shown  to  well  water  is  on 
account  of  its  temperature,  varying,  summer  and  winter,  from  52°  to 
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54°  only  ;  which  enables  the  brewers  (being  able  to  refrigerate  the 
worts)  to  brew  all  the  year  round,  with  a  large  economy  in  hops. 

Then  you  think  it  is  temperature,  rather  than  quality,  that  the  porter 
brewer  requires  in  the  water? — Confining  the  question  to  well  and  river 
water,  I  think  ic  is :  for  1  do  not  consider  there  is  any  material  differ- 
ence in  the  quality;  it  is  true  that  the  well-water  is  more  filtered. 

Will  you  put  in  an  analysis  of  the  Greenwich  well? — I  have  done 
so. 

It  is  said  that  the  water  of  the  well  in  Trafalgar-square  is  only  4  or 
5  degrees  of  hardness,  and  that  it  is  not  more  than  one-third  the  hard- 
ness of  the  Thames  water.  Supposing  that  to  be  so,  would  not  the 
different  solvent  powers  of  hard  and  soft  water  make  a  great  difference 
in  the  respective  value  of  such  water? — I  presume  degrees  of  hardness 
refer  to  Dr.  Clark's  table,  where  each  degree  represents  one  grain  of 
carbonate  of  lime  in  one  imperial  gallon  of  '70,000  grains ;  if  so,  then  it 
would  appear  that  there  are  from  four  to  five  grains  of  carbonate  of 
lime  in  the  well-water  of  Trafalgar-square,  and  12  to  15  grains  in  the 
Thames  w^ater.  If  the  carbonate  of  lime  in  the  well-water  of  Trafalgar- 
square  had  been  thrown  down  by  Dr.  Clark's  process,  then  it  would 
have  been  rendered  comparatively  the  more  valuable  ;  but  when,  as  is 
no  doubt  the  fact,  the  carbonate  of  lime  has  only  been  replaced  by  a 
large  admission  of  soda  and  other  salts  (namely  66  grains),  I  am  jus- 
tified in  attaching  the  greater  value  to  the  river  Thames  water.  For 
washing  purposes  the  well-water  may  be  preferred. 
•  Of  course,  the  sand-spring  water  is  artificially  filtered.  Is  not  that 
an  advantage  on  its  side  ? — Clearly  so. 

What  would  be  the  expense  of  one  or  more  of  these  larger  deep  wells?— 

Messrs.  Reid's  cost    .        .        .  7,000/. 

Blackwall  Railway     .        .        .  8,000/. 

,   ,f  New  River      ....  12,400Z. 

Pubhshed|j^^^^^^^y,^      ....  5,795/. 

It  is  difficult  to  state  the  cost  of  many  of  the  deep  wells  in  London ;  it 
may  be  said  that  manv  of  them,  more  or  less,  have  been  a  continued 
source  of  expense  and  trouble  to  the  proprietors.  The  expense  varies, 
for  some  of  the  wells  have  distinct  engine-power,  and  some  are  worked 
by  the  engine  of  the  establishment  doing  the  general  work. 

Is  the  surface-water,  as  a  general  rule,  softer  or  harder  than  the 
Thames  water,  whatever  strata  it  may  be  obtained  from  ?— If  by  ths 
term  surface-water  I  am  to  understand  it  to  mean  land-water,  I  would 
observe  that  I  have,  1  may  say,  found  it  always  harder  than  the  Thames 
water ;  and  that  the  land-water  I  have  found  has  been  ui  the  yellow 
gravel  above  the  blue  clay. 

Can  you  show  the  extent  of  influence  of  one  well  over  others Ihis 

question  has  been  answered.  -m       i  i 

Have  you  had  any  observations  as  far  ns  Watford  ?— IN  one  beyond 
reading  the  Reports  and  controversies  of  Messrs.  Stephenson,  Clutter- 
buck,  Dickinson,  and  others. 

Supposing  an  impermeable  drainage  to  be  substituted  for  a  per- 
meable brick  drainage,  must  it  not  be  accompanied  with  permeable 
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drainage  for  the  places  requiring  it  on  account  of  the  damp  ? — Certainly ;      Mr. , 
but  the  lower  portions  of  the  sewers  in  loose  or  made  ground  should  ^'"^'^J^'**' 
be  impermeable. 


Mr.  George  Dojialdson  examined. 

You  are  one  of  the  assistant  engineers  of  the  Metropohtan  Commis- 
sion of  Sewers,  specially  conversant  with  land-drainage  works? — I  am. 

You  were  directed  to  make  examinations  for  the  sanitary  improve- 
ment of  Riciimond,  Sydenham,  Croydon,  Greenwich,  and  other  districts 
near  the  metropolis,  and  in  those  examinations  to  include  provision  for 
improved  water  supplies  for  domestic  use  ? — Yes,  I  was. 

You  have  also  been  led  by  your  avocations  to  make  examinations  as 
to  the  stale  of  the  surface  soil  and  subsoil  of  large  tracts  near  the 
metropolis,  and  the  qualities  of  the  waters  with  which  they  are  charged? 
— Yes,  I  have  done  so  all  round  the  metropolis. 

Within  what  distances? — Within  12  miles  on  the  north,  and  from 
25  to  30  miles  on  the  south-east,  south,  and  west. 

To  take  one  instance  closely  adjacent  to  the  river  Thames,  that  of 
Richmond;  had  you  any  instances  there  of  drainage,  or  what  may  be 
more  properly  termed  artificial  spring  water? — Yes;  a  large  part  of 
Richmond  Park  has  been  very  efficiently  drained,  under  the  direction 
of  Her  Majesty's  Commissioners  of  Woods  and  Forests;  and  from 
those  works  there  arises  a  constant  and  copious  supply  of  artificial 
spring  Water. 

What  is  the  nature  of  the  soil  ? — It  is  a  sandy  or  gravelly  loam, 
incumbent  in  a  clay  subsoil. 

What  did  you  find  to  be  the  quality  of  the  water  derived  from  this 
surface?— It  was  perfectly  clear;  soft  to  the  feeling,  well  aerated,  and 
pleasant  to  drink. 

Was  it  so  clear  as  not  to  need  filtration  ? — It  was  so  clear,  that  I 
would  not  think  of  filtering  it  for  drinking.  It  was  more  brisk  than 
filtered  water  usually  is. 

What  was  the  analysis? — There  were  several  specimens  from  the 
tract  of  land  drained.  There  was  a  large  portion  of  water  which  had 
only  three  degrees  of  hardness.  The  average  of  six  specimens  was 
four  deirrees  and  one-third. 

Would  that  have  been  the  average  of  the  bulk  of  all  the  water  taken 
from  the  park  ?— I  think  the  average  of  the  bulk  would  have  been 
iibout  five  degrees. 

What  at  that  point  are  you  aware  is  the  average  degree  of  hardness 
of  the  Thames  water  which  runs  beneath  Richmond?— I  believe  it  is 
about  13  degrees. 

That  is  to  say,  about  three  times  as  hard  as  the  artificial  sprino- 
water  from  the  land  close  by  ?— Nearly  so.  * 

Had  you  any  opportunity  of  compariuG;  the  surface  water  from  the 
m.dra.ned  portions  with  the  shallow  spring  w^ater  derived  from  the  por- 
tions (Ira I. led ?— Yes,  several  opportunities. 

n.r  .r\'''?r  characteristic  differences  ?— The  surflxce  water  c-e- 
mra  y  holds  m  suspension  earthy  and  other  matters,  taken  up  in 
passnig  over  the  surfiice.  ^ 
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Mr.  Did  you  get  these  surface  waters  analyzed  ? — No,  I  did  notvthiiik  it 
Donaldion.  necessiiry  for  the  purpose  in  hand.  I  am,  from  long  observation, 
aware  that  water  passing  through  a  bed  of  vegetation  does  leave 
behind,  not  only  the  matter  in  mechanical  suspension,  but  much  of 
the  matter  in  chemical  solution.  This  is  a  point  which  has  hitherto 
not  received  the  attention  which  its  importance  deserves.  I  am  quite 
sure  that  a  bed  of  vegetation  will  detain  for  its  food  saline  and  other 
matter  in  solution,  which  no  sand  or  other  artificial  filter  will  separate 
from  the  water.  I  have  seen  water,  containing  a  considerable  quantity 
of  sewage  from  a  farm-yard,  which  has  passed  upon  well-drained 
pasture  land,  and  the  water  which  has  drained  through  it  has  come  out 
perfectly  clear  from  the  manure  in  solution. 

Was  it  so  clear  that  you  would  have  drank  it?— I  have  freely  drank 
it.    1 1  had  all  the  appearance,  and  tasted  as  perfectly  pure  spring  water. 

It  is  to  be  presumed,  however,  that  there  might  be  an  extent  of 
manuring  or  shallowness  of  the  filter-bed  of  earth  which  would  not 
detain  the  matter  in  solution  ?— No  doubt  of  it.  Wherever  the  drainage 
is  shallow,  and  the  quantity  of  manure  excessive,  no  doubt  some  of  it 
would  be  left  in  the  water.  In  the  case  I  referred  to  the  drainage  was 
from  3  feet  to  4  feet  in  depth.  ,     ,    ,  r 

You  were  only  understood  as  stating  that  filtration  through  a  bed  of 
earth  would  detain  matter  in  solution  whiclj  a  common  sand-filter  or 
any  other  mechanical  filter  would  not  detain  ?— Clearly  so ;  that  is, 
when  the  surface  of  the  land  is  covered  with  vegetation. 

It  accords  with  your  observation,  then,  that  shallow  or  artificial 
drainage  water  is  of  a  superior  quality  and  must  generally  be  so,  to 
ordinary  surface  water?— Decidedly  so. 

Does  it  also  accord  with  your  observation  that  it  is  superior  to  the 
common  river  water  ?— Greatly  superior  in  purity  to  the  common  river 

^^^What  is  the  extent  of  gathering  ground  for  shallow  spring  water 
which  the  whole  of  the  Richmond  Park  might  afford  when  all  drained  ? 
—The  whole  of  the  park  is  about  2,337  acres,  oi  vvhich  nearly 
2  000  acres  might  be  made  available  as  gathering  ground. 

'  What  quantity  of  water  might  be  derived  from  ihat  2,000  acres  ?— 
About  400  millions  of  gallons  per  annum.         .     ,  •   r  ii  , 

What  is  the  averao-e  rain-fall  there  ?— I  estimate  the  rain-fall  at 
25  inches  of  which  Uhink  10  inches  may  safely  be  calculated  upon  as 
the  quantity  which  could  be  collected  and  stored. 

Are  there  any  local  peculiarities  to  account  for  the  deviations  in  the 
ordinary  calculation  of  surface-water  from  rain  fixll,  namely  one-thir 
^he  amount  of  the  annual  rain-fall  ?    There  are  ;  the  "^ture  of  he  sod 
m  the  surface  is  such  as  to  absorb  water  as  it  falls;  also  tiie  nntuie  ot 
subsc'lrwiich  is  such  that  very  little  will  percolate  so  deep  as 

Seeinl^'the  quantity  of  rain-fall  which  will  be  drained  by  the  drainage 
«f  irnd'andthe  lar-er  proportions  obtained  from  gathering  grounds 
tLn  frtTl  ne  s^^^^^^^^^  Lcharge  of  water,  may  not  such  gathering 
Grounds  be  economically  contrasted  with  the  system  of  surflKe  drains?- 
?he  effect  of  drainage  is  to  make  the  ground  more  permeable  and  more 
absorptive,  so  that  the  water  soaks  into  it  more  readily. 
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Tlien  tlie  water  will  not  be  detained  there  ?— It  will  not  evaporate 
from  the  surface.   

Tlien  there  will  be  not  only  less  loss  from  the  surface  from  evapora- 
tion, but  also  less  loss  of  temperature? — Clearly  so. 

Of  course  drainage  improves  vei>etation,  which  is  due  as  well  to  the 
maUer  left  by  the  rain  as  to  the  action  by  permeation  of  the  air  ? — I 
believe  it  is  so. 

Have  you  observed  an  advantage  in  this  shallow  spring  water  in  its 
freedom  from  aiiimalculae  as  compared  with  other  water? — I  never 
met  with  animalcule  in  spring  water  as  it  came  from  the  spring  or 
drain. 

Take  the  case  of  Richmond,  what  number  of  houses  would  such  a 
gathering  ground  as  Richmond  Park  supply  at  the  rate  of  50  gallons 
per  house  per  diem  ? 

Have  you  estimated  the  extra  value  to  each  house  if  it  were  supplied 
■with  water  of  this  quality,  viz.,  one-third  the  degree  of  hardness  of 
Thames-water,  would  ii  not  be  an  immense  saving  in  snap? — No 
doubt  of  it ;  but  more  specific  information  on  this  subject,  derived  from 
actual  experience,  is  desirable. 

Would  you  think  it  necessary  to  use  any  filtering  remedies  for  such 
water? — I  think  it  would  be  unnecessary  if  the  reservoir  were  suitably 
made.  The  natural  filtration  through  which  it  has  passed  is  in  my 
view  superior  to  any  artificial  mode. 

Were  you  not  called  in  to  report  on  the  sanitary  condition  of  Syden- 
ham ? — I  was. 

Did  you  find  any  surface-water  there? — Not  much  worth  notice. 
The  land  there  is  mostly  clay,  and  the  surface-water  was  hard  and 
rather  brackish,  so  was  the  water  from  the  wells,  and  charged  with  a 
clayey  colour.  It  would  not  answer  for  household  purposes;  a  little 
beyond  Sydenham,  some  half  mile  from  the  town  I  found  a  supply  of 
only  two  degrees  of  hardness.  I  did  not  gauge  the  quantity,  but  think 
it  would  be  sufficient  for  all  Sydenham. 

Is  Sydenham  within  tlie  jurisdiction  of  any  water  company? — Yes, 
of  the  South  Lambeth  Water  Company. 

Supposing  you  laid  down  a  distributory  apparatus  for  Richmond,  at 
what  cost  could  it  be  done  per  house? — Four  pounds  per  house. 

What  was  your  estimate  of  the  price  at  which  it  could  be  done  for 
Sydenham  — Five  pounds  per  house. 

At  Richmond  did  you  design  to  dislribvile  the  drainage  at  the  backs 
of  the  houses? — In  a  great  number  of  cases,  and  also  the  w^ater-supply 
where  it  was  practicable,  as  a  saving  of  a  great  length  of  pipe.  The 
supply  being  near  to  the  wash-houses  where  it  is  wanted. 

What  do  you  find  the  saving  from  back  drainage  to  be  as  compared 
with  front  drainage? — As  a  general  rule,  it  is  something  like  20  feet 
of  house-drain  pipe  per  house,  and  a  proportionate  saving  in  the  length 
of  water-pipe. 

In  general  does  it  not  save  two-thirds  of  the  distributory  apparatus? 
— Nearly  so;  and  it  makes  the  apparatus  itself  more  compact,  and 
less  liable  to  injury. 

What  is  your  estimate  of  what  the  water-supply  could  be  furnished 
to  Richmond  for,  per  house,  from  the  supply  in  the  park  ?— Seventeen 


102 


Saving  in  Soajjfroin  use  of  Soft  Water. 


Doniddsoii  ^^'^^'"S^  ^"^^  sixpence  per  house  per  aninim  would  repay  the  whole 

/    ■  outlay  with  interest  in  22  years,  and  cover  the  cosl  of  wurkin;j  and 

superintendence. 

Suppose  the  populatitni  had  the  choi(  e  of  the  Thames  River  water 
or  this  sliallow  sprin;?  water,  what  would  it  be  worth  while  for  the 
inhabitants  to  pay  per  acre,  if  they  could  be  supplied  with  100  {jallons 
per  diem  as  compared  with  the  supply  of  the  river  ? — As  affecting- 
health  the  difForence  between  pure  spring  water  and  the  Thames  water 
is  above  all  price;  as  a  matter  of  economy  in  washing  and  for  other 
domestic  uses,  it  would  be  worth  an  annual  payment  of  three  guineas 
per  acre  assuming  the  water  not  to  exceed  five  degrees  in  hardness. 

From  several  analyses  and  calculations  as  to  the  saving  in  soap  by 
the  use  of  soft  water  ;  and  from  inquiries  I  have  made  of  numerous 
consumers,  of  the  quantity  of  soap  used  per  individual,  it  appears  that 
for  every  100  gallons  of  water  used  in  washing,  two  ounces  of  white 
curd  soap  is  required  for  every  degree  of  the  hardness  of  the  water 
used. 

Thus  a  water  of  5  degrees  hardness  takes  .  .  10  ounces  of  soap, 
And  one  of  15  degrees  hardness  takes  .     .     .    30  „ 

I  find  that  141b.  per  individual  per  annum  is  about  the  average  con- 
sumption ot  yellow  soap  for  washing  and  domestic  use,  and  the  price  is 
about  5c?.  per  pound.  Therefore  100  individuals  using  water  at  15 
degrees  hardness  takes  1,400  lb.  of  soap  at  ^d.  per  lb.  .  £29  3  4 
And  with  water  5  degrees  hard,  4G6lbs  9  14  3 

Difference  £19    9  1 

In  round  numbers  the  saving  in  soap  by  using  water  5  degrees  hard 
instead  of  15  degrees  is  20/.  per  100  iudividuals,  exclusive  of  the  tear 
and  wear  of  clothes  from  washing  in  hard  water  which  will  fully  equal 
the  saving  in  soap. 

How  many  families  at  your  estimate  of  the  gathering  grounds  can 
he  supplied  per  acre?— One  inch  deep  of  rain-fall  on  an  acre  will 
supply  10  cubic  feet  per  day  for  a  year,  which  I  assume  as  a  minimum 
quantity  per  house  per  diem.  So  the  depth  in  inches  of  rainfall  obtain- 
able indicates  the  number  of  families  it  will  supply  during  one  year. 
The  average  rainfall  being  21  inches,  one-third  of  that  would  supply 
seven  houses.  Assuming  the  number  of  houses  in  the  metropolis  at 
300,000,  and  assuming  the  rainfall  per  annum  at  24  niches,  one-third 
of  that,  =  8  inches,  gives  eight  families  per  acre  ;  at  this  rate  i^t  would 
take  37,500  acres,  or  58  square  miles  of  gathermg  ground.  The 
irregularity  of  a  rain  supply  necessitates  large  reservoirs,  equal  to 
three  or  four  mouths  supply.  The  cost  of  draining  37,500  acres,  at 
an  average  of  6/.  per  acre,  will  be  225,000/.,  which  would  anmunt  to 

12^.  per  house,  .  ,  . 

What  were  the  charges  of  the  London  companies  for  supplyuig 
Sydenham  with  water?— Their  works  have  not  yet  been  carried  out  to 

Sydenham.  ,         *»  o  i  \ 

What  is  your  estimate  exclusive  of  house  service  ?— At  tjydenham 

hi.  per  house,  that  is  the  capital  expended. 

What  extent  of  ground  having  similar  advantages  with  respect  to 
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gathering  grounds  have  you  observed  near  the  metropolis  ? — I  am  not 
aware  of  any  ground  possessing  so  m:iny  advanta!>es  as  a  gathering 
ground  as  Richmond  Park,  but  there  is  a  large  extent  of  land  within  ten 
miles  of  the  metropolis  that  might  be  made  available  for  that  purpose. 

What  is  the  total  amount  of  acreage  it  would  form  ?— About  10,000 
acres. 


Mr.  Thomas  Lovick,  examined. 

You  are  surveyor  to  the  Metropolitan  Commission  of  Sewers? — I  Mr.  Lovick. 
am  one  of  the  surveyors. 

And  before,  you  had  practical  experience  with  branches  of  works 
that  involved  the  consideration  of  hydraulics? — Yes,  in  surface 
drainage,  plumbing,  and  house-drainage  works. 

Before  you  were  appointed  to  your  present  office,  did  you  not  insti- 
tute an  inve-tigation  into  the  condition  of  numerous  houses  in  your 
parish? — Yes,  by  the  direction  of  the  paving  authorities  of  St.  Andrew 
and  St.  George  the  Martyr,  in  whose  employ  I  then  was.  I  made  an 
investigation  into  and  reported  upon  the  sanitary  condition  of  many 
houses  in  these  parishes. 

In  the  course  of  your  investigation  did  you  examine  the  water  sup- 
ply?— Yes,  there  was  a  section  in  my  Report  devoted  to  this  subject. 

You  were  directed  by  the  Survey  Committee  and  the  Works  Com- 
mittee of  the  Metropolitan  Commissioners  of  Sewers  to  take  certaiji 
gaugings  and  carry  out  certain  trial  works  to  show  the  quantity  of 
sewage,  or  soil  water,  and  other  matter  which  passed  tlirough  the 
house  drains  and  sewers? — Yes:  the  principal  gaugings  which  I  un- 
dertook were  in  a  sewer  receiving  the  drainage  from  nearly  1200 
houses,  for  the  determination,  chiefly,  of  the  quantities  of  house  sewage 
discharged  at  different  periods. 

Then  you  have  executed  part  and  are  conversant  with  most  of  the 
trial  works  carried  on  under  the  consolidated  Metropolitan  Commission 
of  Sewers  to  determine  the  quantity  of  water  discharged  by  pipes  of 
different  diameters,  construction,  and  inclination  ? — Yes,  I  am  2:ene- 
rally  conver-ant  with  them;  1  have  examined  many  of  the  results, 
the  works  relating  to  the  flow  through  difl^erent  sized  pipes  under  dif- 
ferent circumstances  were  not,  however,  under  my  direction. 

Among  other  experiments  were  you  not  directed  to  ascertain  the 
quantity  of  water  consumed  in  a  given  block  of  houses,  as  shown  by 
gauging  the  capacity  of  their  butts  and  cisterns,  and  also  the  quantity 
of  soil  water  discharged  from  the  same  block  of  houses  throutjh  the 
sewers? — Yes;  the  block  to  which  my  instructions  had  special  re- 
ference consisted  of  nearly  1200  houses  discharging  through  one  main 
line  of  sewer.  By  gauging  in  the  sewers  the  quantity  of  water  pass- 
ing through  them  from  the  houses  at  different  periods  was  ascertained; 
and  by  gauging  the  cisterns  and  butts  in  the  houses  the  actual  con- 
sumplion  of  water  was  arrived  at. 

Were  iliere  not  difficulties  in  getting  a  block  of  houses  where  such 
gaugings  can  be  carried  on  with  certainly  as  to  the  residts?    State  the 
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■'  difficulties  of  gettins;  a  proper  site?— There  are  few  such  areas  to  be 
obtained  snfficienily  large  for  aa  average  deduction  where  all,  or  nearly 
all,  the  houses  are  supplied  with  water  on  the  same  days,  so  as  (o  en- 
sure witli  certainty  the  separation  of  the  overflow  or  wiiste  waters  from 
the  sewage;  receiving  t!ie  drainage  of  all  or  of  a  sufficient  number  of 
the  houses ;  where  the  drainage  can  be  traced  with  certainty  to  the 
point  at  which  the  experiments  are  to  be  carried  on  j  where  there  is  no 
interference  with,  or  check  of,  the  flow  of  the  outlet  sewer  by  conti- 
guous main  lines,  or  by  the  action  of  the  tides  penning  in  the  flow; 
and  where  land  or  spring  waters  are  excluded. 

What  is  the  time  in  which  100  gallons  of  water,  stated  as  being  a 
day's  supply  to  some  houses,  may  be  discharged  tliroiigh  a  3  anil  a 
4  inch  pipe  at  a  minimum  inclination  of  1  inch  in  10  feet? — With 
pipes  50  feet  in  length,  full  at  the  head,  at  the  ^iven  inclination,  this 
quantity  would  be  discharged  through  a  3-inch  pipe  in  three  minutes, 
through  a  4-inch  pipe  in  one  minute  and  a  half. 

What  are  the  observed  effects  of  junctions  in  the  flow  of  the  main 
line?  —  Greatly  to  increase  the  flow  in  the  main  line. 

Give  in  a  block  plan  with  the  "  lineage  "  of  existing  drains. — I  beg  to 
hand  in  a  block  plan  of  Earl-street,  with  an  approximation  to  the  ex- 
isting drainage  marked  thereon. 

Were  these  houses  you  have  mentioned  of  the  middle  class? — A 
great  number  were;  some  were  of  a  higher  class,  many  of  a  poorer 
class,  but  the  average  would  be  a  medium  middle  class. 

Slate  the  quantity  of  water  that  on  an  average  you  found  to  be  con- 
sumed there  per  diem? — The  average  consumption,  ns  ascertained  from 
gauoing  the  cisterns  and  butts,  was  about  5'7  gallons  per  individual 
per  diem,  or  51:^  gallons  per  house  per  diem. 

State  the  average  quantity  discharged  per  house  per  diem  as  pro- 
duced from  the  gaugings  of  the  sewers  on  days  when  there  was  no 
rain  and  no  water  supply? — 44i  gallons. 

State  the  average  supply  when  the  water  was  put  on  ? — 209  gallons. 

From  these  gaugings  did  it  not  appear  that  the  intermittent  supply  of 
water  was  twice  as  much  as  il  need  be? — The  tjiean  flow  on  the  days 
when  water  was  supplied  to  the  houses  by  the  company  was  nearly  4| 
times  greater  than  the  mean  flow  on  the  ordinary  da^s,  or  days  when 
there  was  no  supply  ;  the  excess  of  the  mean  flow,  or  the  flow  due  to 
the  waste  alone  on  the  water  days,  would  be  nearly  3f  times  greater ; 
but  deducting  the  flow  due  to  the  ordinary  drainage  from  the  flow  on 
the  three  wa^er  davs,  the  w cist e  would  be  three-fifths  of  the  whole  quan- 
tity supplied,  and  'this  would  exhibit,  leaving  out  of  consideration  the 
probable  loss  from  absorption  in  boih  cases,  the  true  relation  of  the 
consumption,  as  indicated  by  the  gaugings  in  the  sewer,  to  the  waste. 
But  as  from  the  defects  of  the  present  system,  from  the  numerous 
cesspools  (at  least  500  in  this  block),  from  the  defective  porous  brick 
and  mortar  drains  and  sewers,  a  large  amount  of  (he  flow  must  be 
absorbed  in  its  transmission,  both  quantities,  but  more  especially  the 
waste,  I  have  no  doubt  are  much  larger  than  the  gaugings  in(hcate. 
But  leaving  out  any  probable  addition  fnmi  this  source,  it  appeared 
that  the  water  supplied  by  the  company  was  more  than  double  the 
actual  consumption,  making  the  comparison  between  the  flow  m  the 
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sewer  on  the  two  classes  of  days,  as  each  would  be  subject  to  the  same  Mr.^icU. 

influences.  , 
•  You  have  prepared,  we  undersland,  diagrams  of  the  flow  observed 
in  this  block ;  £;ive  them  in  ?— The  alternations  of  the  flow  are  shown 
in  the  accomjianyitig  diagrams.  Diagrams  Nos.  1  to  30  exhibit  the 
daily  flow  at  the  periods  of  observation.  Diagram  A  exhibits  the 
jrreatest  flow  on  water  and  ordinary  days  with  the  contrasted  least 
flow,  with  the  sectional  areas  occupied  by  the  flow  in  the  pipe,  with  the 
inscribed  equivalent  circular  sections  placed  at  the  correspondent  points 
of  discharge.  Diagram  B  shows  the  mean  hourly  and  mean  flows  on 
waler  and°ordinary  days  with  the  sectional  areas  and  equivalent  circles 
thus  shown,  this  information  being  common  to  the  whole  tabidar  series. 
The  lower  horizontal  line  represents  the  hour-line,  or  period  of  obser- 
vation ;  the  vertical  lines  the  discharge  in  cubic  feet  per  minute.  The 
extretne  and  mean  variations  of  flow  with  the  areas  occupied  are  shown 
in  the  annexed  table  : — 


Days. 


On  water 
days. 


On  ordinary 
days. 


Quality 
of 
Flow. 

Cubic  Feet 
per 
Minute. 

Sectional 
Area  of  Flow 
in  Pipe. 

Diameter  of 
Circles  equal 
in  area  to  the 
sectional  area 
of  the  Flow. 

Inches. 

Inches. 

Least  .    .  • 

1-07 

1-66 

1'5 

Mean  .     .  . 

2G-46 

27-94 

6-00 

Greatest  .  . 

150-00 

109-79 

11-8 

Least  .  . 

1-78 

3-05 

2'00 

Mean  .    ,  . 

5-64 

8-57 

3-4 

Greatest  • 

16-90 

18-14 

4-9 

The  maximum  being  greater  than  the  minimum — on  the  water-days 
140  times,  on  the  ordinary  days  9i  times. 

Does  it  not  appear  that  the  waste  water  pumped  into  this  district 
exceeds  the  annual  rain-fall  within  that  district? — The  waste  water 
sent  into  this  district  would  be  upwards  of  4^  million  cubic  feet  per 
annum.  This  quantity  would  cover  the  area  draining  to  the  outlet 
sewer  to  the  depth  of  nearly  30  inches. 

From  your  own  observations,  do  not  these  results  show  the  waste 
of  wafer  that  may  be  presumed  as  taking  place  in  other  districts? — ;! 
have  hardly  ever  observed  the  present  intermittent  water-supply  unac- 
companied by  waste  :  it  may  indeed  be  said  to  be  a  concomitant  of  the 
system.  The  waste  in  other  districts  I  have  observed  to  be  very  con- 
siderable ;  but  except  in  one  or  two  instances  I  have  no  gaugings,  so 
as  to  speak  to  the  quantities. 

Did  it  not  appear  that,  notwithstanding  this,  flow  of  water  at  the 
rate  of  209  gallons,  accumulations  took  place  in  the  house-drains  and 
.sewers:  accumulations  which  had  to  be  removed  by  hand  labour  or 
flushing? — Yes,  In  order  to  ascertain  the  extent  to  which  this  took 
place,  ajid  the  influence  of  the  waste  in  the  prevention  of  accumu- 
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I  Mr.  Lovick.  lations,  I  had  the  whole  of  the  sewers  connected  with  this  block 
thoroughly  cleansed  immediately  before  the  commencement  of  the  ex- 
periments, and  their  condition  noted  al  their  conclusion,  and  analysea 
made  of  the  flow  at  different  periods  on  the  ordinary  dajw  and  on 
water-days.  The  results  of  these  analyses  are  shown  in  the  subjoined 
tables : — 

Tables  of  Solid  Matter  in  Suspension  in  the  Flow. 


No.  1. —  On  the  extra  Water  Days. 


Quality  of  Flow  analysed,  and 
period  when  taken. 

Solid  matter  in  one  Imperial 
Gallon . 

Proportions. 

Soluble. 

Insoluble. 

Soluble 
and 
In  .soluble. 

Soluble 
to 

Insoluble. 

Solubl* 

and 
Insoluble 
to  Liquid.. 

Greatest,  taken  at  5J  p.m.  . 
[  Mean  of  two  analyses  taken  at 

Mean  of  two  analyses  taken  at 

8^  and  10^  a.  m  

Least,  taken  at  12  P.M.  . 

Averages  .... 

When  water  first  laid  on,  or  at 
commencement    of  overflow 

Grains. 
33 

113 

119 
111 

Grains. 
19 

46 

37 
11 

Grains. 
52 

165 

156 
122 

.2  to  1 

21  to  1 

3i  to  1 
10  to  1 

1  to 
1346 

424 

448 
574 

382 

113 

495 

96 

-  28 

124 

3i  to  1 

564 

80 

192 

272 

1  to  21 

257 

No.  2.' —  On  Ordinary  Days. 


Quality  of  Flow  analysed,  and 
period  when  taken. 

Solid  matter  in  one  Imperial 
GaUon. 

Proportions. 

Soluble. 

Insoluble. 

Soluble 
and 
Insoluble. 

Soluble 
to 

Insoluble. 

Soluble 

and 
Insoluble 
to  Liquid. 

Greatest,  mean  of  two  analyses 

taken  at  12  a.m  

Mean,  taken  at  8J  a.m.  . 
Least,  taken  at  12  p.m.  . 

Averages  .... 

Grains. 

114 
154 
114 

Grains. 

34 
71 
14 

Grains. 

148 
225 
128 

3i  to  1 
2  to  1 
8  to  1 

1  to 

473 
311 
546 

382 

119 

501 

127 

40 

1G7 

3i-  to  1 

419 

The  approximate  application  of  these  results  to  the  determination  of 
the  amount  of  solid  matter  passed  in  the  flow  may  be  thus  shown. 
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On  water  days  the  flow  per  diem  was  38,102-4  cubic  feet.  The  Mr.Lov 
average  proportion  of  the  soKible  and  iiisohible  matter  to  the  flow 
on  these  days  was  1  in  564;  the  solid  matter  passed  in  siispension 
bein<r  G8  cubic  feet  per  day,  in  proportions  varying  from  1  in  424  at 
the  mean,  to  1  in  1346  at  the  greatest  flow,  and  in  varying  proportions 
of  the  soluble  to  the  insoluble  matter  of  from  2  to  1  at  the  greatest,  to 
10  to  1  at  the  least  flow.  The  water-days  occur  three  times  per  week ; 
the  quantity  of  solid  matter  per  week  passed  in  suspension  would  there- 
fore amount  to  204  cubic  feet.  At  the  first  commencement  of  the 
waste  of  water,  or  overflow  from  the  cisterns,  a  remarkable  difFerence 
is  observed  in  the  relative  proportions,  the  solid  then  bearing  a  propor- 
tion to  the  liquid  of  1  in  257,  and  the  soluble  to  the  insoluble  of  I  to  2^ 

 a  result  wholly  at  variance  with  the  analyses  at  all  other  periods, 

which  give  in  every  case  the  soluble  in  far  greater  proportion  to  the 
insoluble,  from  a  twofold  to  a  tenfold  ratio,  thus  showing  an  accumu- 
lation of  deposit  m  the  sewers  or  drains,  or  in  both,  which  it  required 
this  increase  of  flow  to  set  free.    The  mean  flow  per  day  on  ordinary 
days  was  8121 '6  cubic  feet,  with  an  average  of  soluble  and  insoluble 
matter  in  suspension  of  1  in  419;  the  solid  matter  passed  in  sus- 
pension being  19  cubic  feet  per  day,  in  proportions  varying  from  1  in 
311  at  the  mean,  to  1  in  546  at  the  least  flow;  the  two  classes  of 
solid  varying  from  2  of  soluble  to  1  of  insoluble  at  the  mean,  to  8  of 
soluble  to  l" of  insoluble  at  the  least  flow.    As  there  are  four  ordinary 
days  per  week,  the  quantity  of  solid  matter  per  week  passed  in  sus- 
pension would  be  76  cubic  feet.    The  whole  quantity  thus  passed  per 
week,  or  on  the  two  classes  of  days — 204  feet  on  the  water-days,  and 
76  feet  on  the  ordinary  days — would  be  280  cubic  feet;  the  quantity 
per  day  on  the  water,  as  compared  with  the  ordinary  days,  being 
upwards  of  three-and  a-half  times  greater,  but  of  course  less  in  propor- 
tion to,  or  more  diffused  in  the  flow.     At  the  end  of  31  days  the  sewers 
were  found  to  have  accumulated  nearly  6000  cubic  feet  ot  deposit,  or  at 
the  rate  of  192  feet  per  day,  and  the  accumulations  in  the  drains 
must  also  have  been  considerable.    But  taking  only  the  accumulation 
in  the  sewers,  and  assuming  but  one-fourth  of  this  as  solid  mauer,  thus 
approximating  it  to  the  dry  condition,  as  in  the  analyses,  the  quantity 
per  week  is  336  cubic  feet;  this,  with  the  addition  of  the  matter  held 
and  passed  in  suspension  each  week  (280  cubic  feet),  would  increase 
the  amount  of  solid  matter  per  week  to  616  cubic  feet,  or,  in  proportion 
to  the  flow,  of  1  in  238,  the  proportion  deposited  in  the  sewer  being 
rather  more  than  one-half  of  the  total  quantity.    Thus  it  appears  that 
the  waste  does  exert  a  perceptible  influence  in  tlie  prevention  of  matter 
accumulated  at  ordinary  periods,  removing  on  the  whole,  taking  it  with 
the  large  reduction  to  its  dry  state,  nearly  three  times  more  deposit 
than  is  passed  in  the  ordinary  flow ;  yet,  notwithstanding,  it  is  wholly 
insufficient  to  prevent  far  greater  accumulations. 

What  is  the  present  cost  of  keeping  clear  the  sewer  in  Earl-slreet,  by 
flushing  and  by  hand  labour  ? — The  two  systems — keeping  clear  by 
flushing,  and  once  cleansing  by  hand  labour  and  cartage — would  hardly 
admit  of  a  fair  comparison.  The  flushing  system  is  for  the  preveiition 
of  accumulations  ;  the  cleansing  system  waits  tor  accumulations,  and 
removes  them  (in  general)  only  when  the  stoppage  of  the  system 
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compels  it.  This  occurs  in  a  great  number  of  the  sewers,  notwith- 
standing; the  action  of  storms  and  of  the  waste  water  from  the  houses, 
which  would  periodically  remove  much  of  (he  lighter  matter.  But 
the  quantity  which  had  accumulated  in  (he  short  space  of  time  before 
named  might  be  removed  by  flushing  in  this  locality  at  about  one-bixth 
or  one-seventh  of  (he  cost  of  its  removal  by  hand  labour  and  cartage. 
But  the  cost  of  flushing,  carried  on  as  a  preventive  measure,  w^ould  be 
at  a  much  less  rate. 

Did  you  not,  for  the  sake  of  the  experiment,  lay  down  in  this  sewer 
a  15-inch  pipe;  and  with  the  same  run  of  water  did  this  15-inch  pipe 
keep  itself  clear? — For  the  purposes  of  the  experiment,  a  15-inch  pipe 
was  laid  down  in  the  sewer  for  a  length  of  1 15  feet,  discharging  into 
a  tank  formed  to  receive  the  flow.  With  the  same  run  of  water  in  the 
pipe  as  in  the  sewer,  the  pipe  kept  itself  clear. 

What  is  the  probable  sectional  area  of  the  drains  in  this  block  of 
houses? — 596  feet. 

What  is  the  sectional  area  of  the  outlet  sewer,  and  its  propor- 
tion to  the  house  drains? — The  sectional  area  of  the  outlet  sewer  is 
15  feet,  or  about  one-fortieth  the  aggregate  sectional  area  of  the  house 
drains. 

Do  you  not  consider  that  since  the  commencement  of  the  Commission 
you  have  had  sufficient  experience  of  the  run  of  water  through  3  and  4 
inch  tubular  house-drain  pipes  to  speak  with  confidence  of  their  power  to 
keep  themselves  clear  by  theordiiiary  discharge  of  the  soil-water  or  drain- 
water  of  the  house? — A  great  number  of  small  4-inch  tubular  drains  have 
been  laid  down  in  the  several  districts,  some  for  considerable  periods. 
They  have  been  found  to  keep  themselves  clear  by  the  ordinary  soil 
and  drainage  waters  of  the  houses.  I  would  refer  to  15  houses  in  the 
Cloisters  at  Westminster  Abbey,  which  have  now  for  upwards  of  14 
months  been  drained  by  small  stoneware  pipes,  varying  in  diameter 
from  3  and  4  inches  for  the  houses  to  9  inches  for  the  outlet,  and  which 
have  acted  and  continue  to  act  in  the  most  perfect  manner.  I  have  been 
furnished  by  Mr.  Morris  oi'  Poplar  with  accounts  of  blocks  of  houses 
in  his  district  drained  by  small  pipes:  these  are  shown  on  the  accom- 
j)anying  plans.  No.  1  is  a  block  of  12  houses  in  a  court,  six  on  each 
side  ;  each  six  are  drained  at  the  back  by  one  4-inch  pipe.  They  are 
connected  with  the  closets,  one  to  each  liouse,  to  which  the  water  is  not 
laid  on,  the  water  being  thrown  down  them  by  the  inmates;  the  only 
other  source  of  supply  is  from  the  overflow  o(  the  butts  in  the  yards, 
yet  the  pipes  have  kept  themselves  clear  from  the  period  when  first 
laid  down,  now  upwards  of  12  months  since,  to  this  time,  and  are  still 
acting  efficiently.  Plan  No.  2  shows  various  blocks  with  combined 
back  drainage  by  small  pipes.  Some  have  coimections  with  closets 
to  which  water  is  laid  on  ;  others  take  the  overflow  from  privy  cesspools  ; 
yet  with  all  these  disadvantages,  and  with  the  further  one  of  inferiority  in 
the  pipes  in  the  early  manufacture,  these  combinations  of  back  drainage 
have  been,  and  are  now,  all  in  successful  action  ;  they  have  been  laid 
down,  in  one  instance  for  upwards  of  two  years,  in  the  majority  for 
upwards  of  12  months. 

Then  you  have  no  doubt  that  pipes  of  this  kind  will  keep  themselves 
clear  by  the  ordinary  discharge  of  house-drainage ?— I  have  not;  as- 
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of  course  a  supply  of  waler.  pipes  of  good  form  and  material,  M,.L^..v. 
"^XfCeCa^^perieL"  deblocks  of  houses  where  tubular  drains 
have  been  laid  d"""  ^-tJ  "l^'/cioisiers  of  Westminster  Abbey,  on  a 

epiflemic  levei  pxtent  bv  an  accumulated  quantity  ot 

Z  i^:  Commission;  Mr.  Austin,  upon  this  work.  There  were  5 
houses  in  two  blocks;  each  block  was  separately  drained  by  one 
Sn  Pine  9  inches  in  diameter,  this  being  the  largest  size  used, 
Sriizes  gradually  decreasing  to  4  and  3  inches  for  the  minor 

^''how  many  loads  of  decomposing  matter  were  taken  from  the  drain, 
of  these  15  houses  ?-Up wards  of  400  loads  from  the  drains  and 
sewers  serving  the  15  houses,  and  120  loads  from  the  cesspools,  or 
upwards  of  500  loads  in  all.  ^  ^ 

'^To  what  extent  were  the  drains  choked  up?-Many  were  three 

Darts  full,  some  even  more.  ^  ,     ,    .  „j 

^  What  was  the  area  of  evaporating  surface  of  the  dram  or  sewer  and 
cesspools  connected  with  this  block  of  houses  ?  Did  you  not  put  down 
a  system  of  tubular  house-drains  after  abolishing  the  cesspoo  s  there  ?-- 
The  area  of  evaporating  surface  of  the  sewers  connected  with  th's  block 
of  houses  would  be  about  3000  feet ;  of  the  drains  and  sewers  4300  feet, 
with  the  cesspools  in  addition  4800  feet.  The  cesspools  were  abolished, 
and  a  system  of  tubular  house-drains  substituted. 

What  was  the  size  of  the  old  house-drains,  and  the  new  house- 
drains  substituted  for  them  ?— The  smallest  observed  house-drain  was 
9  inches  square,  the  largest  2  feet  in  diameter,  the  house-drain  substi- 
tuted for  them  4  inches  in  diameter.  r  c-   •        r  *i. 

What  were  the  sectional  areas,  and  sectional  areas  ot  triction,  ot  the 
old  house-drains  and  tlie  new  ?— The  sectional  areas  are,  of  the  G-inch 
square  drain  81  inches;  the  2-foot  circular  old  drain  453  inches ;  ot 
the  new  4-inch  pipe  12i  inches ;  or  the  smallest  drain  would  be  6^ 
times,  the  largest  36  times  greater  than  the  new  drain  substituted  for 
them.  The  frictional  line,  or  interior  perimeter  of  each  drain,  is  36 
inches  for  the  9-inch  drain,  75  inches  for  the  2-foot  drain,  12^  inches 
for  the  4-inch  pipe  ;  or  the  smallest  old  drain  three  times,  the  largest 
six  times  greater  in  this  respect  than  the  4-inch  pipe. 

How  long  have  the  latter  been  now  in  action  ? — 14  months. 

H  as  the  working  of  these  new  tubular  drains  been  carefully  examined  ? 

 Yes.    In  a  Report  made  in  June  last  on  this  block  by  Mr.  Austin 

and  myself,  we  stale,  "The  delay  has  afforded  us  the  satisfaction  of 
reporting  at  the  same  time  the  complete  success  which  has  attended 
this  work.  The  Dean  of  Westminster  gave  special  instructions  to  the 
Clerk  of  the  Works,  resident  in  the  Abbey  precincts,  to  examine  and 
report  the  condition  of  tlie  drainiige  weekly;  and  not  a  single  case 
of  complaint  has  occurred  during  the  whole  period,  except  from  an 
inconvenience  which  arose  from  the  want  of  a  connection  to  a  water- 
closet  not  known  of  at  the  time,  and  therefore  not  provided  for.  One 


no         Bnvinagc  in  St.  Peter's  Collecje,  Westminster. 

^r..._Lovie..  of  the  4-mch  branches  has  recently  been  opened  to  make  this  connec 
'"'i^""^'  """d      P^^^'ectly  clean  as  when  first  laid  down.''  The 
Dean  of  Westnunster,  in  a  letter  on  the  state  of  this  drainage  savs 
"I  beo:  to  report  to  ,he  Co.nmissioners  that  the  success  of  S'entle 
new  p,pe-dra>nan.e  laid  down  in  St.  Peter's  College  during  the  last  12 
mon.hs  has  been  complete.    The  Clerk  of  the  Works  hfs    xami n  d 
eve  y  water-closet  once  a-week,  and  entered  his  written  report  n  a 
book  hud  every  Wednesday  before  the  Dean  and  Chapter^  a^Xt  one 
case  of  failure  or  iu,perfect  working  has  occurred.    I  consider  thi': 
experiment  on  drainage  and  sewage  of  about  15  houses  to  afford  a 
triumphant  proof  of  the  eflicacy  of  draining  by  pipes,  and  of  the  faciliiv 
ot  dispensing  entirely  with  cesspools  and  brick  sewers."    And  up  to 
this  time  they  have  acted,  and  continue  to  act,  perfectly. 

You  made  a  joint  Report  with  Mr.  Austin  upon  this  block  of  houses- 
will  you  state  the  results  of  that  Report  ?— Yes.    The  old  and  the  new' 
^sterns  are  shown  upon  the  two  plans  accompanying  this  Report 
Ihese  will  g,ve  some  idea  of  their  relative  magnitude  and  construction.' 
At  the  outlet  the  maiu  sewer  in  the  old  system  was  4  feet  hio-h  by  3  feet 
6  inches  wide,  varying  in  width  to  6  and  7  feet,  and  in  hei«ht  in  one 
part  to  17  feet.    Under  the  school  the  soil  stood  9  feet  deep     In  the 
new  drainage  substituted  there  are  two  9-inch  stoneware  mains  the 
united  sectional  area  of  which  is  but  l-16th  of  the  area  of  the  smallest 
part  of  the  old  sewer,  and  not  more  than  one-half  the  area  of  the 
average  of  the  single  old  house-drains.    We  state,  "  The  secondary 
pipes  are  of  6  inches  diameter,  and  the  branches  of  4  and  3  inches  - 
4-inch  pipes  were,  however,  used  in  many  parts  where  3-inch  would 
have  amply  sufficed  for  all  the  requirements  of  the  drainage,  from  an 
apprehension  that  the  irregularity  of  the  pipes  would  tend  to  create  a 
certain  amount  of  obstruction.    The  utmost  |)ains  were  taken  to  secure 
the  very  best  materials,  and  a  great  nunfber  of  imperfect  pipes  were 
rejected  and  removed  from  the  ground.    The  very  best,  however,  were 
far  from  what  they  should  have  been;  and  we  regret  to  say. that  now, 
a  twelvemonth  later,  the  manufacture  appears  not  in  the  least  deoree 
to  have  advanced  in  quality ;  on  the  contrary,  it  would  seem  that'^the 
great  increase  of  demand  has  been  met  by  slovenliness  and  overhasle 
in  execution,  instead  of  by  the  application  of  machinery  and  improved 
appliances  to  the  manufacture.    This  new  drainage  conveys  the  re- 
fuse and  rain  water  from  15  houses,  the  Westminster  School  build- 
ings, the  Chapter-house  and  Cloisters  of  the  Abbey,  Little  Dean's- 
yard,  &c.,  comprising  an  area  of  about  2  acres.    There  is  a  total 
length  of  drain  of  upwards  of  3000  feet.    The  cubical  capacity  of  the 
interior  cf  the  w/iole  of  the  new  main  and  branch  drainage  is  about 
l-82nd  part  of  the  cubical  capacity  of  the  interior  of  the  old  sewers;  or 
the  capacity  of  a  portion  of  the  old  system  is  32  times  the  capacity'  of 
the  whole  of  the  new  system,  exclusive  of  the  old  house-drains  and 
cesspools,  or  the  capacity  of  the  old  sewers  is  equal  to  a  depth  of  water 
of  more  than  2  inches  on  the  whole  surface  drained  of  about  S7,120 
square  feet,  or  2  acres;  or  they  would  have  retained  a  rain-fall  of  this 
depth  on  the  whole  area.    The  total  cost  of  emptying  the  old  sewer  and 
cesspools  (which  was  done  without  the  slightest  annoyance)  amounts 
to  70/.  6*.  Q^d.,  which,  including  the  extra  labour  of  clearing  the  new- 
drain,  is  at  the  rale  of  2s.  S^rf.  per  cubic  yard.    A  flushing  apparatus 
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was  fixed  to  one  of  the  nmin  lines;  this  is  frequently  used,  but  the  Mr.Lovick. 

er  d  scharge^^^^       no  evidence  of  any  tendency  to  deposit  .n  the 
drafn  and  the  other  line  .vhich  there  is  no  opportunity  ol  fluslnng  js 
erually  clear     We  have  not  experienced,  since  the  completion  of  th.s 
Xrk  one  of  those  extraordinary  storms  which  occur  only  at  mtervals 
Tf  e'ars    but  the  result  of  very  heavy  falls  of  ram,  which  we  have 
experienced  on  more  than  one  occasion,  is  sufficient  security  on  this 
pXt     At  no  time  has  either  main  been  half  charged  ;  proving-  beyond 
a  Question,  from  the  quantities  discharged,  that,  with  the  increased  run 
from   he  pressure  in  the  mains  when  flowing  full,  they  would  be  of 
ample  capacity  to  avoid  flooding  from  the  greatest  storm  ot  rain  hi.herto 
recorded.    Although  a  great  number  of  cases  of  combined  back  dram- 
acre  have  already  been  applied  for,  and  granted,  this  is  the  only  case  of 
any  extent  which  has  as  yet  been  entirely  laid  under  the  superintend- 
ence of  the  officers  of  the  Commission,  and  thus  security  afforded  that 
the  house  branches  were  correctly  laid,  and  the  inlets  properly  pro- 
tected    We  fear  that,  had  it  not  been  so,  we  should  not  have  had  so 
satisfactory  a  report  to  make  of  its  working;  for,  with  the  multitude  ot 
connections  belonging  to  this  drainage,  it  is  scarcely  probable  but  that 
some  obstructions  would  have  taken  place  in  them  before  this,  had  not 
this  point  been  strictly  attended  to  ;  and  there  is  every  reason  to  tear  that, 
unless  the  same  security  is  invariably  adopted,  the  drainage  never  can 
work  satisfactorily.    We  call  attention  to  this  case,  however,  as  a  fa- 
vourable specimen  of  tubular  drainage  only  so  far  as  the  materials 
would  allow,  and  not  by  any  means  as  we  would  desire  to  see  it  either 
as  to  workmanship  or  cost.     There  are  many  imperfections  in  the 
pipes  themselves,  in  the  curves,  in  the  junctions,  and  in  the  inlets;  there 
are  many  4  and  3  inch  pipes  used  where  3  and  2  inch  would  have 
been  better,  if  better  materials  had  been  at  command  ;  and  there  were 
many  additions  thus  made  to  the  already  extravagant  price  of  the 
pipes.    Our  only  hope  of  a  better  result  in  this  respect  is  in  the  special 
attention  of  the  "committee  appointed  to  investigate  this  branch  of  the 
subject."    The  working  of  this  system,  as  appears  by  the  Dean's  Re- 
port, and  as  I  am  informed  by  others,  and  from  my  own  observation, 
has  been  completely  successful.  The  smells,  which  were  very  prevalent 
under  the  old  system,  have  not  been  experienced  under  the  new,  and  I 
am  informed  that  during  the  past  year,  a  year  of  great  mortality,  this 
place  has  been  remarkalaly  exempt  from  sickness. 

Does  this  experiment  leave  any  doubt  on  the  mind  of  yourself,  and  of 
other  officers,  that  under  a  tubular  system  of  drainage,  properly  laid  down, 
there  would  be  no  decomposing  refuse  remaining  under  the  houses? — 
It  does  not ;  nor  in  that,  I  believe,  of  others  with  whom  I  have  con- 
versed. There  were  many  sceptics  at  the  time  wlio  have  now  become 
converts  to  the  system  from  seeing  its  successful  action. 

In  the  case  of  the  block  of  houses  in  Earl-street,  was  not  the  drainage 
upon  the  old  system  from  the  back  to  the  front  of  the  house? — Yes; 
from  the  back  to  the  front  of  the  house. 

Now,  if  instead  of  being  so  drained  it  had  been  drained  from  the 
back  by  earthenware  tubular  pipes,  what  would  be  the  decrease  in  the 
sectional  area  of  friction  by  drahiing  thein  at  the  back;  what  would  be 
the  gain  in  fall  from  each  house  as  compared  with  the  old  system  and 
the  present  system  ? — The  decrease  in  the  frictional  area  would  be 
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Mr.  Lovicu.  fi  ve-sixths  ;  the  gain  in  fall  by  draining  at  the  backs  of  the  houses  instead 

../L^"'''^'  ^^u'  "^^l'  'f"  the  house-drains  keep  them- 

,Wr         .  ^«ub-mains  also,  with  the  increased  force  gain  d  by 

junct,ons  at  the  proper  inclinations,  the  mains  also  would  kL  th  m- 
sehes  clear  by  the  ordinary  supply  of  their  own  water  even^in  d7y 
M^ather,  and  that  there  is  no  need  whatever  under  such  a  system  for 
additional  supphes  of  water  either  for  flushing  or  for  keeping  the  d^ak^s 
anTlafd  '~'V  ^^-^-''^house-drain'age  properl?  proportion  d 

and  laid  at  a  due  inclinat.on,  .f  the  single  house-drains,  ihe  branches 
and  sub-mains,  with  the  ordinary  supply  of  water,  keep  themselves  clear 
fl  '^'"y  by  the  continual  concentration  and  acceleration  of  the 

«ow,  It  follows  that  by  preserving  a  due  proportion  in  the  sizes  to  the 
now  and  m  the  inclinations  of  the  mains,  and  with  the  increased  force 
gained  by  proper  junctions,  the  mains  would  keep  themselves  clear 
under  similar  circumstances,  and  that  in  such  a  system  of  house- 
drainage  no  additional  supplies  of  water  would  be  requisite  for  that 
purpose. 

Under  this  system,  and  in  this  particular  block  of  houses,  supposing 
It  were  back-drained  with  tubular  drains,  what  would  be  the  greatest 
length  of  time  that  any  decomposing  matter  discharged  through  the 
house-drains  would  remain  beneath  the  site  until  removed  into  the 
trunk-main  ?  what  is  the  ordinary  rate  of  discharge  from  any  given  point 
per  hour.?— I  believe  it  may  be  safely  estimated  that,  with  the  inclina- 
tions at  command,  the  sewage  would  be  removed  from  the  extremity  of 
the  district,  in  the  system  described,  into  the  main-trunk  at  this  flow  in 
a  period  not  exceeding  15  minutes.  The  rate  of  discharge  along  (his 
line  at  the  period  named  vn^ouM  not,  I  think,  be  less  than  three  miles 
per  hour;  but  this  would  be  subject  to  infinite  variations  as  the  pipes 
were  more  or  less  full,  or  subjected  to  the  influence  of  pressure. 

On  the  whole,  then,  it  appears  from  these  experiments  to  be  within  the 
power  to  have  all  the  house  refuse  of  the  metropolis  constantly  removed 
at  a  rate  of  not  less  than  three  miles  per  hour? — Yes,  with  similar 
inclinations,  and  under  like  conditions  ;  but  with  many  of  the  present 
outlets  this,  of  course,  is  not  possible. 

What  is  the  expense  per  house  of  back  drainage,  and  what  would  it 
have  been  if  tubular  drains  had  been  carried  through  each  house  sepa- 
rately ? — The  expense  per  house  in  this  locality  of  tubular  back  drainage, 
including  the  closet-pan,  &c.,  would  be  about  4/.  8*.,  of  tubular  separate 
drainage  from  the  back  to  the  front  of  each  house  about  8/.,  or  nearly 
double. 

What  would  be  the  proportional  increase  of  the  sectional  area  of 
friction  ? — The  increase  in  the  area  of  friction  of  the  separate  drainage 
through  the  house  over  the  combined  drainage  at  the  back  would  be 
two-Jjfths;  but  the  area  of  frictional  surface  opposed  to  the  flow  would 
vary  with  the  flow. 

What  would  it  have  been  if  the  houses  had  been  drained  by  (he 
old  system? — The  increase  in  the  area  of  friction,  or  interior  surface 
area,  of  the  existing  system  of  large  brick  sewers  through  each  street, 
with  separate  large  brick  drains  through  each  house,  over  the  com- 
bined small  tubular  drainage  at  the  back,  would  be  five-sixths. 
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What  would  be  the  annual  expense  of  the  proposed  new  branch  main 
sewer  as  compared  with  the  annual  expense  of  the  old  sewer? — I  do 
not  apprehend  that  there  would  be  any,  so-called,  annual  expense  con- 
nected with  new  sewerage  works,  if  properly  formed  in  the  first  instance. 
The  annual  expense  or  cost  upon  the  present  brick  sewers  in  this 
locality,  if  kept  cleansed  by  flushing,  would  probably  be  about  36?. 

What  would  be  the  expense  of  carrying  the  distributary  water  appa- 
ratus to  the  backs  of  the  houses,  on  a  constant  system  of  supply  ? — 
2/.  8*. 

At  what  would  you  estimate  the  extra  expense  of  butts  and  cisterns 
for  putting  down  the  water-supply  de  fwvo  on  the  intermittent  system 
in  this  district? — The  cost  of  providing  adequate  slate  cisterns  with 
the  present  supplies  would  be  in  this  locality  not  less  than  3/. 

What  is  the  proportion  of  the  expense  incurred  in  earthwork,  simply 
in  house-drains  and  others? — -This  will  vary  in  localities,  and  according 
to  the  system  pursued,  and  the  depth  at  which  the  drains  are  required 
to  be  laid.  The  proportion  of  expense  to  the  total  cost  would  be  in 
this  locality,  under  the  existing  system,  nearly  one-third  ;  under  the 
separate  tubular  system,  between  one-half  and  one-third  ;  under  the 
combined  back  tubular  system,  nearly  one-half. 

Supposing,  as  it  has  frequently  been  considered  necessary  that  the 
water-pipes  should  not  be  laid  at  a  less  depth  than  3|  or  4  feet  for  the 
sake  of  coolness,  what  would  be  the  advantage  of  laying  the  drainage 
and  water-supply  pipes  together  at  the  back  ?  What  would  be  the  gain 
by  the  combination,  or  what  the  loss  by  the  separation  of  these  works? 
— The  advantage  of  laying  down  the  water-pipes  and  the  drainage  to- 
gether at  the  back  would  be  the  saving  of  earthwork  to  the  depth  at 
which  the  pipes  were  laid,  and  of  the  paving  and  walls  disturbed. 
Supposing  the  drains  laid  to  a  depth  of  8  feet,  and  the  water-pi^es  to  a 
depth  of  4  feet,  the  gain  in  saving  of  expense  would  be  upwards  of  one- 
fourth  on  the  water-supply,  and  nearly  one-eighth  on  the  combined 
works ;  and  there  is  the  further  gain  in  the  combination  of  works  by 
one  superintendence  of  the  whole,  instead  of  a  double  superintendence, 
which  would  be  the  case  in  a  separation  of  works;  and  there  is  free- 
dom from  the  annoyance  of  two  disturbances  of  the  premises,  almost 
inseparable  from  the  independent  works. 

Second  Exainination, 

You  were  directed  to  examine  the  latest  Report  (1846)  made  to  the 
Old  Westminster  District  Sewer  Commission  under  the  Westminster 
Commission  as  to  the  means  of  improving  the  drainage  of  courts  made 
shortly  before  the  appointment  of  the  Consolidated  Commission? — Yes. 

State  the  sizes  of  drains  there  contemplated,  and  what  sized  sewer? 
^The  Report  states  that  "  three  sizes  of  sewers  should  be  used  for 
that  purpose,  as  represented  by  tlie  sections  numbered  1,  2,  and  3.  The 
first  is  intended  for  courts  from  300  to  450  feet  long,  the  second  from 
150  to  300  feet  long,  and  the  third  for  places  150  feet  and  less  in 
length."  They  are  egg-shaped  in  section.  The  sizes  are  1  foot  9  inches 
by  3  feet  3  inches ;  1  foot  6  inches  by  2  feet  9  inches  ;  1  foot  3  inches 
by  2  feet  3  inches.  The  honse-drains  were  of  pipes  6  inches  in  dia- 
meter. 

.  [2.] 
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'  What  was  the  common  practice  before  the  period  of  the  publication 
of  this  Report? — The  common  practice  prior  to  this  lieport  was  to 
constrncl  laroe  brick  sowers  adequate  for  the  drainage  of  large  areas,  5 
feet  6  inches  hig-h  by  2  feet  (>  inches  in  width,  with  upright  sides,  curved 
top,  and  with  a  sligfitly-curved  invert.  The  house-drains  were  either 
square  or  circular,  12  and  9  inches  in  width  or  in  diameter,  formed  of 
brick  and  stone:  9  inches  was  the  smallest  size  permitted  to  he  used. 

What  would  have  been  the  expense  per  house  upon  that  (tlie  old) 
system  ?— About  1 U.  55. 

What  would  be  the  rate  of  expense  per  house  upon  the  improved 
system  of  back  drainage  ? — About  ll.  ^s.  3d. 

What  also  would  have  been  the  expense  of  the  system  proposed  in 
1846,  and  the  proportionate  cost  of  the  other  systems  ?— About  51.  4s.  ; 
or  this  system  would  be  four  times,  and  the  old  system  eight  times 
greater  cost  than  the  improved  system  of  back  drainage.  The  adjuncts 
'  of-closets  and  sinks  are  excluded  in  these  estimates,  so  that  they  mi"-ht 
rest  upon  the  system  in  regard  only  to  the  drains  and  sewers,  but  the 
proportions  would  be  but  slightly  affected  by  their  addition. 

Give  a  comparative  view  as  to  the  relative  proportions,  the  economy, 
and  the  efficiency  of  these  systems,  viz.,  of  the  old  system,  of  the 
system  proposed  in  1846,  and  of  the  new  system  of  improvement  by 
back  drainage,  in  pursuance  of  the  principles  deduced  by  the  investi- 
gations of  the  Metropolitan  Sanitary  Commission  ? — The  diagrams 
handed  in  illustrate  the  comparative  proportions  of  the  three  systems, 
and  will  elucidate  their  further  description ;  taking  the  three  systems 
in  their  several  relations  to  each  other: — 


On  the 


Old 
System. 

Improved 
System 
of  1846. 

Old 
System. 

Improved 
System 
on849. 

Improved 
System 
of  1846. 

Improved 
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of  1849. 
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1 
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Thus,  in  the  system  of  1846,  the  sectional  area  of  the  main  is  11^  times 
greater  than  the  sectional  areas  of  the  mains  according  to  the  most  im- 
proved practice,  and  its  cubical  capacity  14i  tinies  greater;  the  cost  of 
the  system  being  3f  times  greater.  Tlie  system  of  1846  would  form  a 
reservoir  for  a  rainfall  of  1  inch  in  depth  on  the  whole  area  drained. 
In  the  old  practice  the  sectional  area  of  the  main  is  30  times,  its  capa- 
city 37  times,  greater  than  the  new;  and  the  cost  8  times  greater. 
The  three  systems  would  retain  a  rainfall  on  the  area  drained  of  2^ 
inches,  1  inch,  and  one-fifteenth  of  an  inch  respectively.    Thus  the 
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economy  of  back-drainage,  as  compared  with  the  separate  system  of  a  Mr. 
centre  sewer  through  the  court,  with  drains  from  and  through  each 
house,  would  be — 


In  the  length  .... 
Inclination  of  main  sewer 
Inclination  of  house-drains 
Area  of  mains  .... 
Area  of  house-drains  . 
Capacities  ..... 
Cost  


On  the 
Old 
System. 


1\  times 


30  times 
10 

37 
8 


3  > 
J  J 


On  tlie  ^ 
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System  of 
1846. 


2J  times 
10 


Hi 
4 

I4f 


•as 


5  J 

>  > 


Or  four  similar  localities  might  be  drained  on  the  new  system  for 
the  cost  of  one  on  the  improved  system  of  1846,  or  eight  for  the  cost  of 
one  on  the  old  system. 

State  the  comparative  advantages  of  the  back  over  the  old  and 
improved  systems  in  regard  to  the  acceleration  of  the  flow,  and 
the  relative  proportions  of  the  flow  in  the  two  systems;  and  to  the 
relief  from  stagnant  refuse  under  the  houses,  and  from  the  percola- 
tions into  the  strata? — The  sewage  in  the  new  system  has  to  move 
through  less  than  one-half  the  distance  than  in  either  of  the  other 
systems,  in  a  more  direct  course,  with  far  greater  inclinations,  in 
contact  wilh  smoother  surfaces,  concentrated  in  smaller  drains,  and 
with  curvatures  at  the  junctions  opposed  to  the  entries  at  right  angles 
in  the  other  systems ;  thus  it  will  be  discharged  in  a  proportionately 
less  period.  Experiments  would  be  required  to  ascertain  the  precise 
effect  of  these  improvements,  but  a  moderate  estimate  would  give  the 
discharge  from  the  houses  on  the  new  system  in  one-fourth  the  time  of 
its  discharge  through  the  system  of  184G ;  or  the  sewage  in  the  one 
system  would  remain  four  times  longer  under  or  in  the  vicinity  of  the 
houses  than  in  the  other.  In  the  old,  porous,  sieve-like  system  the 
whole  of  the  sewage  would  not  be  discharged  or  flow  uninterruptedly 
to  its  outlet  ;  but  the  more  liquid  portions  of  the  flow  would  percolate 
through  the  joints  of  the  brickwork,  be  absorbed  by  the  surrounding 
•strata,  and  sap  the  foundations  of  houses,  rendering  them  damp  and 
unhealthy;  and  would  frequently  contaminate  wells,  and  would  deposit 
the  more  solid  and  offensive  portions  which  remain  tinder  the  sites  of 
the  houses,  frequently  generating  disease,  until  removed  by  breaking  up 
the  drain.  So  that  there  can  be  no  estimate  of  the  period  of  the  dis- 
charge of  the  whole  flow  in  this  system,  as  this  is  an  impossible 
occurrence. 

Of  course  the  periodic  cleansing  of  the  old  system  would  show  a 
still  larger  economy  in  favour  of  the  tubular  back-drainage  system  ? — 
The  economy  in  cost  of  the  tubular  back-drainage  system  would  be 
greater  if  the  cost  of  the  necessary  periodic  cleansing  of  this,  the  old, 
system  was  taken  into  account,  for  in  this  system  accumulations  would 
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•  be  forminir  almost  from  the  first  hour  of  its  use,  from  the  vast  tlispro- 
portion  of  the  urea  to  the  flow  ;  from  the  necessary  roughness,  irregu- 
larity of  material,  and  formation  ;  from  the  larjrely  increased  space 
through  which  the  sewage  has  to  pass ;  and  from  the  diffusion  of  the 
flow  over  so  many  (in  this  case  sixty-six)  separate  channels  besides  the 
main  ;  whereas  in  the  back  system  two  channels  concentrate  the  whole, 
accelerate  it,  and  thus  prevent  accumulations. 

In  the  drainan-e  through  each  house,  would  there  not  be  danger  from 
the  emissions  of  effluvia  in  the  house,  whicTi  would  not  be  possible 
under  the  system  where  the  drainage  was  carried  at  the  back,  at  the 
farthest  distance  from  the  house?    Is  not  there  in  the  back  system  less 
disturbance  of  the  floors  of  houses  and  of  the  public  streets  ?    Give  a 
synopsis  of  the  two  systems  ? — In  the  old  system  there  would  not  be 
any  security  from  annoyance,  or  even  positive  Manger,  irom  its  favouring 
to  the  utmost  the  escape  in  anfl  diffusion  through  tlie  house  of  the 
deleterious  effluvia,  which,  sooner  or  later,  will  be  emitted,  but  which, 
by  the  system  of  back-drainage,  even  if  loaded  with  all  the  old  defects, 
would  be  largely  warded  off.    The  bulk  of  the  drainaue  and  the  most 
deleterious  portion  is  generated  chiefly  at  the  bachs  of  the  houses,  and 
would,  under  the  old  system,  be  sent  from  thence  through  the  house  to 
the  sewer  in  front,  having  to  travel  through  the  greatest  possible  space 
with  the  leaM  possible  velocity,  and  with  the  widc-t  difiusion  of  the  flow. 
In  the  formation  of  the  system  the  disturliance  of  the  flooring,  joists, 
and  walls  of  the  houses,  of  the  roadways  and  public  streets,  peculiar  to 
this  system,  or  of  far  greater  amount  than  in  the  back  system,  to  the 
annoyance  of  the  inhabitants  and  interruption  ofpnlilic  transit,  is  cer- 
tainly a  consideration  of  much  weight.    Tlie  system  ot  back-drainage  is 
in  every  respect  the  converse  of  tliis  system  and  of  all  systems  founded 
upon  this  principle,  and  is  in  every  respect  superior  to  them  :  for  it  re- 
ceives the  sewage  at  the  farthest  possible  distance  from  the  houses, 
instead  of  bringing  M  into  and  through  them;  concentrates  and  acce- 
lerates the  flow  in  a  few  channels,  instead  of  diffusing  it  over  many, 
with,  in  many  cases,  scarcely  an  appreciable  velocity  ;  removes  all  the 
decomposing  noxious  soil  and  drainage  from  the  houses  as  it  is  pro- 
duced instead  of.  as  in  the  old  system,  transmitting  the  liquids  through 
to  the  strata,  and  retaining  the  solid  and  more  offensive  portions  under 
and  ammc?  the  houses;  is  more  easily  executed,  wiih  far  less  trouble 
and  annoyance,  and  at  less  cost;  and  practice  has  already  established 
it  as  the  most  efficient. 

Have  you  not  practically  found  that  4-inch  tubular  pipes  work  best 
for  house-drains  ? — Yes. 

How  much  larger  was  the  size  of  drains  required  for  houses  by  the 
Building  Act?— The  least  size  required  by  the  Building  Act  y.\'i\s  fve 
times  larger. 

Taking  the  block  of  twelve  houses,  drained  by  4-inch  pipes,  which 
you  have^  adduced  as  an  example  of  the  elHciency  of  small  tubular 
back-drainage,  state  ,what  would  be  the  relative  proportions  of  the 
system  of  drainage  formerly  practi'-cd  in  that  district,  and  ot  the  most 
approved  system  where  the  drains  are  carrie  t  throu-h  e.ich  house  and 
where  combined  at  the  back?— The  plan  I  now  hand  m  shows  the 
relative  proportions  of  the  systems  referred  to.  In  the  old  system 
there  would  be  a  large  brick' sewer  through  the  ce.  tre  of  the  court, 
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with  larire  brick  drains  through  each  house.    In  the  improved  system  Mr 
the  sewers  and  drains  would  be  of  small  stoneware  pipes,  whether  car- 
ried through  each  house  or  combined  at  the  backs  of  the  houses.  The 
collective  areas  of  the  systems  would  be — 

The  old  15  "55  feet. 

The  improved  (separate)    ....  1'23 

(back)  0-174 

Or  the  old  would  be  13  times  g-reater  than  the  improved  separate, 
and  89  times  greater  than  the  improved  back  system,  and  the  improved 
separate  7  times  greater  than  the  back  system.  The  capacities  of  the 
systems  would  be — 

The  old   835  feet. 

Improved  separate  52 

Back  14J 

Or  the  old  16  times  greater  than  the  improved  separate,  and  57  limes 
greater  than  the  back  system ;  and  the  separate  between  3  and  4  times 
greater  than  the  back  system.  The  systems  would  retain  a  rain-fall  on 
the  area  drained  of  about  4^  inches,  ^-\nc  ,  and  xV  int-'h  respectively. 

What  would  be  the  proportionate  cost  per  house  of  these  systems?— 
The  cost  of  the  sewers  and  drains  only,  excluding  the  adjuncts  of  closets 
and  sinks,  in  each  system  would  be — 

£.   5.  d. 

The  old  7  14  6 

The  improved  (separate)  .       .       3    I  10 

, ,        (back)      .       .       .       14  1 

The  old  being  two  and  a  half  times  greater  cost  than  the  improved 
separate,  and  nearly  seven  times  greater  than  the  improved  back  sys- 
tem, and  the  separate  nearly  lliree  tiini  s  greater  than  the  back  system. 
With  a  velocity  of  only  3  leel  per  second,  the  extraordinary  fall  of  rain 
of  2  inches  depth  on  the  area  drained  wouid  be  discharged  by  ttie  small 
pipes  laid  at  tlie  back  in  twelve  minuiec,  so  that  their  adequacy  to  dis- 
charge the  heaviest  recorded  lalls  of  nn'n  cannot  be  questioned. 

Taking  the  water-supply  to  this  block  of  houses,  si  ate  the  cost  of  the 
intermittent  system  as  ( ompared  with  the  cost  of  the  constant  system, 
where  the  pipes  are  of  lead  and  carried  separately  through  each  house? 
— Excluding  the  closet  apparatus,  the  intermittent,  8/.  12*.  4i/..;  the 
constant  system,  Zl.  \2s.  \  d.,  or  less  than  half. 

Where  the  pipes  are  of  iron? — The  intermittent,  61.  I4s.  8d.;  the 
constant,  21.  lis.  Qd.,  or  nearly  one-third. 

Where  the  pipes  are  of  stoneware  ?— The  intermittent,  5/.  17^. ;  the 
constant,  ll.  I8s.  4d.,  or  one-third. 

What  w'ould  be  the  proportionate  expense  of  the  intermittent  and 
constant  systems,  the  pipes  in  both  cases  being  carried  at  the  back? 
Where  the  pipes  are  of  lead?— The  internditent,  6/.  136-.  IQd. ;  the 
constant,  1/.  IDs.  '^d. 

Where  the  pipes  are  of  iron? — The  intermittent,  bl.  2s.;  the  con- 
stant, 18*. 

Where  the  pipes  are  of  stoneware  ? — The  intermittent,  4Z.  13*  ;  the 
constant,  14*.  2d. 

State  the  proportionate  expense  per  house  of  works  on  the  intermittent 
system,  where  the  pipes  are  carried  through  each  house  and  where  laid 
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•Lovick.  at  the  backs  of  the  houses?  Where  the  pipes  are  of  lead  ?— Wliere 
carried  through  each  house,  8Z.  124-.  4c?.;  where  takea  at  the  bat-ks, 
%l.  13*.  \0d. 

Where  the  pipes  are' of  iron  ?— Where  carried  through  each  house, 
6^.  14*.  M.;  where  taken  at  the  backs,  5/.  2*. 

Where  the  pipes  are  of  stoneware?— Where  carried  through  each 
house,  5/.  n*. ;  where  taken  at  the  backs,  M.  13s. 

State  also  the  proportionate  expense  of  works  for  water  supply  on  the 
constant  system,  where  the  pipes  are  carried  through  each  house  from 
the  front  to  the  back,  and  where  carried  at  the  backs  of  the  houses? — 
Where  the  pipes  are  of  lead,  on  the  separate  system,  Zl.  I2s.  \d. ;  on 
the  combined  back  system,  1/.  lOs.  9c?.,  or  less  than  half. 

Where  the  pipes  are  of  iron?— On  the  separate  system,  2/.  11*.  5c?. ; 
on  the  combined  back  system,  18*.,  or  about  one-third. 

Where  the  pipes  are  of  stoneware? — On  the  separate  system, 
\l.  18*.  4c?,;  on  the  combined  back  system,  14*.  2c/,,  or  nearly  one- 
third. 

What  would  be  the  proportionate  cost  of  the  earthwork  and  making 
good  on  the  intermittent  and  constant  systems  where  the  pipes  are  car- 
ried through  each  house?— On  the  intermittent  system,  1/.  2*.  nearly, 
or,  in  proportion  to  the  total  cost, 

Where  the  pipes  are  of  lead       .       .    12*7  per  cent,  nearly. 
, ,  , ,  iron        .       .16  3  , , 

,,  stoneware       .    18*7  ^, 

Where  the  pipes  are  carried  at  the  backs  of  the  houses  ? — 7*.  2c?.,  or, 
in  proportion  to  the  total  cost. 

Where  the  pipes  are  of  lead       .       .      5'3  per  cent,  nearly. 
, ,  , ,  iron       .       .      7-0  , , 


stoneware      .     7  7 


What  would  it  be  on  the  constant  system,  where  the  pipes  are  carried 
through  each  house  ? — 1/.  2*.  nearly,  or,  in  proportion  to  the  total  cost. 
Where  the  pipes  are  of  lead       .       .    .^0  4  per  cent,  nearly. 
, ,  , ,  iron       .       .    42*6  , , 

, ,  , ,  stoneware       .    57*2  , , 

Where  the  pipes  are  carried  at  the  backs  of  the  houses? — 7*.  2c?.,  or, 
in  proportion  to  the  total  cost. 

Where  the  pipes  are  of  lead       .       .    22  4  per  cent,  nearly. 
, ,  , ,         iron       .       .    40  0  , , 

stoneware       .  50'5 

Supposing  these  works  of  drainage  and  water-supply  were  executed 
simultaneously,  what  would  be  the  gain  ^per  house;  or  what  the  loss, 
supposing  them  to  be  carried  out  indei)endently  ?  — The  gain  per  house 
from  the  combination  of  these  works  would  be,  where  the  drains  and 
pipes  are  carried  through  each  house,  1?.  2*. ;  where  carried  at  the 
back,  7*.  Id. ;  but  the  proportions  of  saving  to  the  total  cost  would 
vary  with  the  materials  employed. 

Thus,  on  the  old  system  of  drainage,  under  the  intermittent  system 
of  water-supply,  where  the  drains  and  pipes  are  carried  from  a  centre 
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t  main  separately  through  each  house,  the  saving.would  be,  where  the 
water-pipes  used  were  of — 

Lead  6-7  per  cent,  nearly. 

j  Iron     .        •        •        •        ,    7 '  5 

-  Stoneware     •        •        •        .    8 '  0  „ 

Where  the  improved  system  of  drainage  was  laid  down  at  the  backs  of 
the  houses  with  an  intermittent  supply  of  water,  with  the  pipes  also 
carried  at  the  back  in  the  line  of  the  drains,  the  saving  would  be  in 
this  case,  where  the  water-pipes  were  of — 

Lead  4  •  5  per  cent,  nearly. 

I  ron  .  .  .  .  .5*7  ,j 
Stoneware    .        .        .        .    6'1  „ 

Where  the  system  of  water-supply  is  constant,  dispensing  entirely  with 
the  necessary  adjunct  of  the  intermittent  system — the  cistern,  and 
where  the  drainage  was  upon  the  improved  system  as  regards  size  and 
.  materials,  but  where  the  drains  and  pipes  were  laid  from  a  centre 
^  main  through  each  house,  the  saving  would  be,  where  the  pipes  are. 
of— 

Lead    .        .        .        .        .  16'3  per  cent,  nearly. 
Iron     .        .        .        .  .17*3 
Stoneware     .        .        .        .22'  „ 

But  where  in  both  cases  the  drains  and  pipes  were  laid  at  the  back, 
the  saving  on  these  works  would  be,  where  the  pipes  are  of — 

Lead    .        .        .        .        .  13'1  per  cent,  nearly. 
Iron     .        .        .        .        .17*  „ 
Stoneware     .        ,        .        .18*7  „ 

The  closets  will  be  an  additional  expense  of  14s.  on  the  new  system  ; 
of  21.  4*.  on  the  old  system. 

You  were  directed  to  prepare  tables  showing  these  results.  Give 
them  in?— I  beg  to  hand  in  the  following  tables,  which  will  give  what 
you  require : — 
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.Lovick.  jfo^  5._0f  tlie  proportionate  Cost  of  Earthwork,  making  good  the 
  Pavin{^-,  Flooring,  &c.,  to  the  Sewerage  and  Drainage. 


Per  House. 

Old  System 

of  large 
Brick  Sewers 
and  Drains. 

New  Tubular  System. 

Wliere  carried 
throu|;H 
each  House. 

Wiere  cirried 
at  the  ISaclcs 
of  the  Houses. 

Total  cost,   including  earthwork,  mixking  ] 

goo.l,  &c  / 

Cost  of  earthwork,  making  good,  8ec.    .  . 

Percentage  of  earthwork  to  total  cost  . 

£.  *.  d. 

7  14  G 
1  17  I 

£.  s.  d. 

3    1  10 
1  13  4 

£.   8.  d. 
1    4  I 
0  14  9 

24 

54 

61i 

No.  6. — Percentages  and  Approximate  Proportions  of  Cost  of  the 
Constant  on  the  Cost  of  the  Intermittent  Sy.'^tem  of  Water  Supply. 


Separate. 

Back. 

Where  the  Pipes  are  of- 

Lead. 

Iron. 

Stoneware. 

Lead. 

Iron. 

Stoneware. 

41-8 
or 

4 

To 

38-2 
or 

4 

To 

32-7 
or 

3 

22-9 

or 

17-6 
or 

B 

15-2 

or 
1 

7 

No.  7. — Percentages  and  Approximate   Proportions  of  Cost  of  the 
Back  on  the  Cost  of  the  Separate  System  of  Water  Supply. 


Intermittent. 

Constant. 

Where  the  Pipes  are  of— 

Lead. 

Iron. 

Stoneware. 

Lead. 

■Iron. 

Stoneware. 

77-6 

or 

75-7 

or 

.1 

5 

79-4 

or 

8 

T5 

42-G 
or 

35-0 

or 

1 

'i 

37*0 

or 
I 

3 

Third  Examination. 


You  were  directed  to  make  experiments  in  cleansing  by  water  by 
means  of  the  hose  and  jet;  will  you  state  at  what  place  yon  first 
carried  them  on? — Yes;  the  experiments  were  first  carried  on  in 
Charles-street,  Old  and  New  Compton  streets,  Churcli-Passage,  Dean- 
street,  and  Greek-street,  Soho  ;  subsequently  in  Church-lane,  and  four 
courts  in  St.  Giles's. 

Were  you  not  able  not  only  to  cleanse  the  pavements  by  this  means, 
but  also  to  cleanse  the  walls  from  urine  stains  and  nther  filth  ? — Yes. 

You  were  directed  to  prepare  a  sketch  to  sliow  how  the  same  plan 
can  be  carried  out  in  courts  and  alleys.  Give  it  in  ?— The  sketches 
which  I  now  hand  in  show  the  jet  in  operation.  No.  1,  is  an  illustration 
of  the  mode  of  surface-cleansing  ;  No.  2,  of  the  method  of  using  the  jet 
as  a  shower  iu  close  courts  and  alleys. 
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Mr.  Lovick.  State  the  quantity  of  water  used  each  time,  and  the  expense  ? — The 
quantity  of  water  used  was  nearly  one  gallon  per  square  yard  ;  tiie  cost 
was  at  the  rate  of  9d.  per  1000  yards,  taking  the  cost  of  water  on  Mr. 
Wicksteed's  estimate. 

Then  it  is  clear  from  your  Reports  that,  in  respect  to  economy  of 
time  and  of  money,  it  is  superior  and  is  more  efficacious  in  removing 
surtace-evaporating  matter  or  filth  than  any  other  method  ? — In  a 
Report  to  the  Commissioners  of  Sewers  I  have  estimated  that  the  cost 
of  the  ordinary  scavengering  would  be  nearly  double  the  cost  of 
cleansing  by  the  jet,  and  the  jet  has  been  shown  to  be  far  more  efficacious 
in  removing  evaporating  matter  and  filth. 

You  were  directed  to  prepare  an  estimate  of  street-cleansing  by  these 
modes,  as  applicable  to  two  large  thoroughfares  ? — Yes  ;  I  prepared 
estimates  of  the  cost  of  cleansing  by  the  jet  in  the  Strand  and  High- 
street,  Borough. 

Within  what  time  and  at  what  expense  did  you  estimate  this  could 
he  performed,  apart  from  the  cost  of  the  water  used  ? — The  estimates 
were  framed  on  the  supposition  that  the  work  should  be  performed  in 
one  hour.  In  the  Strand  the  daily  cleansing  of  the  carriage-way  would 
have  cost  St/,  per  house  per  week ;  in  the  Borough,  2\d.  per  house  per 
week.  But  this  rate  is  for  wide  streets  with  a  large  amount  of  traffic, 
on  data  from  experiments  with  very  low  pressures,  and  is  greatly  in 
excess  of  the  ordinary  description  of  works,  and  would  by  no  means 
therefore  be  a  criterion  of  the  average  expense. 

What  is  the  quantity  of  water  required  per  square  yard  of  pavement? 
The  quantity  of  water  required  I  have  found  to  be  rather  less  than  one 
gallon  per  square  yard  of  carriage-way  ;  but  this  was  with  extremely 
low  pressures. 

Were  not  the  experiments  often  made  under  what  were  considered 
other  disadvantages  besides  those  of  low  pressures!* — They  were ;  the 
pressures  being  very  low,  and  the  water  having  to  pass  through  a 
great  length  of  hose,  decreasing  the  already  limited  power. 

With  a  higher  pressure  may  we  not  safely  estimate  that  they  might 
be  performed  with  a  less  amount  of  water  and  in  a  shorter  time  ? — 
Yes  ;  I  had  occasion  to  compare  some  experiments  in  cleansing  by  the 
jet  made  by  Mr.  Lee,  of  Sheffield,  with  very  high  pressures,  with  my 
own  experiments  with  low  pressures,  and  I  found  that  he  could  per- 
form the  work  in  less  than  one-third  the  time,  at  one-third  the  cost, 
and  with  less  than  one-third  the  expenditure  of  water.  From  this  it 
would  appear  that  the  economy  of  high  pressures  must  be  very  great. 

What  is  the  quantity  that  would  have  been  used  for  the  Strand  for  each 
complete  cleansing? — By  the  latest  experiments  18^  thousand  ••allons. 

In  a  day  of  partial  rain,  when  the  streets  are  sloppy  and  muddy, 
would  not  the  cleansing  by  jet  be  the  most  eligible  mode  of  cleansing? 
—The  cleansing  by  jet  on  those  days  I  consider  would  be  by  far  the 
most  eligible  mode. 

What  was  tlie  effect  in  hot  weather  and  at  other  periods  of  this  new 
mode  of  cleansing  as  compared  with  the  mode  of  cleansing  by  scaven- 
gering ?  What  was  your  general  conclusion  from  these  experiments  as 
to  the  effect  of  this  mode  of  cleansing  ?— The  cleansing  by  water  pro- 
duced a  most  perfect  state  of  cleanliness  by  the  removal  of  all  decom- 
posing refuse,  and  the  jet,  when  directed  upward  in  the  form  of  spray, 
appeared  to  have  the  effect  of  a  shower,  the  air  being  made  much 
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cooler  and  fresher  by  it.    The  ordinary  mode  of  cleansing  by  scaven-  Mr.  Lovick 

gering  would  have  failed  in  removing  much  of  the  refuse,  all  of  which   

the  jet  removed,  and  of  course  could  not  in  any  other  way  have  im- 
proved the  salubrity  of  the  atmosphere.  In  hot  weather  these  effects  were 
more  marked,  the  jet  performing,  but  in  a  far  more  efficient  manner, 
the  office  of  the  watering-cart.  The  ordinary  mode  of  scavengering, 
without  possessing  any  of  the  advantages  of  the  jet,  performed  the  work 
in  a  most  imperfect  manner.  The  system  of  cleansing  by  water  emi- 
nently combined  completeness  with  efficiency  of  action. 

Even  where  it  might  be  desirable  to  use  a  street  cleansing  machine 
to  prevent  accumulations  of  solid  dung  and  the  like,  would  it  not  be 
of  importance  to  use  the  jet  also  ?— In  a  Report  upon  this  subject  I  have 
stated  the  general  conditions  wherein  the  combination  of  the  two  would 
be  of  advantage  for  this  purpose,  but  that  the  machine  should  be  auxi- 
liary to  the  jet,  than  conversely  as  implied,  in  the  following  passage : 
'•'The  frequency  of  application  of  this  system  (cleansing  by  jet)  to  the 
cleansing  of  the  streets  would  be  determined  by  their  specific  require- 
ments, some,  as  the  main  thoroughfares,  requiring  daily  cleansing,  others 
cleansing  at  longer  intervals.    Thoroughfares  having  a  large  amount 
of  traffic  would  require  cleansing  at  an  early  period  of  the  day;  from 
this  period  to  the  cleansing  on  the  following  day  the  accumulations  will 
have  been  going  on  and  the  exhalations  from  them  discharging  into 
the  atmosphere.    It  may  be  necessary  to  employ  measures  for  the  pre 
vention  of  this  condition  in  conjunction  with  the  systematic  operations 
of  cleansing  by  water.     To  effect  this  there  are  two  methods  by 
sweepuig  with  hanc'  labour,  and  cartage  of  the  refuse ;  by  the  cleansinor 
machine ;  hand  labour,  when  compared  with  the  cleansing  machine 
would  appear  to  be  the  least  economical  in  the  proportion,  as  stated  in 
Mr.  Whitworth's  evidence,  of  about  three  to  one.    The  machine  there- 
fore would  appear  to  be  the  best  adapted  for  this  purpose,  and  with  the 
least  mterference  with  the  traffic  of  the  street." 

What  is  the  total  quantity  of  water,  according  to  your  estimate  that 
would  be  required  for  the  purpose  of  street  washing  by  means  of  the 
jet.''— Assuming  that  there  are  300,000  houses  in  the  Metropolis  with 
an  average  to  each  house  of  paved  carriase-way  28  square  yards  of 
paved  footway  16  square  yards  (on  data  afforded  by  an  avera-e  dis- 
trict in  the  absence  of  other  certain  data),  the  area  of  carriaje-wav 

vaHs     WwJ''''     "T^""'.'  ^*  "^^^l-'""''  °^"f»«'^^y  4f  million  square 
yards.    With  one  gallon  of  water  for  each  square  yard  of  carriao-e 

way  (a  proportion  somewhat  greater  than  I  have  found  in  practice  with 
low  pressures,  and  far  greater  than  I  believe  would  be  the  case  with 
high  pressures),  and  half  a  gallon  for  each  square  yard  of  footway  thn 
quantity  of  water  required  for  the  daily  cleansing  of  these  areas  would 
be  nearly  11  million  gallons,  or  65^  million  gallons  per  week  or  I  rate 
per  house  of218  gallons  weekly,  or  36Xn.allL  daily.  With  a  popu 
lat.on  of  7  to  each  house  the  rate  would  be  nearly  gallons  per  diem 
for  each  inhabitant.  Taking  the  cleansing  of  tL  V^reet  in 'a  S 
approx,n.ating  to  their  specific  requirements,  about  one-tCd  IT 
one-ha/f  twice,  and  the  remainder  three  times  per  week  the  nuantitv  nf 
watery,,         would  be  6-2  million  gallons,  or  20  glllons  per  I  Lte 

«  ow'tli^  ISfT       '""^  '7  ^^^"^  Tfe  fllbwin:  S les 

tne  particulars  more  in  detail : —  ° 
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_  No-  1-  — Ofthe  Carriao-e-way. 


Period  of 
Cleaiisinfr 
per  Weelc. 


Quantities  fo 
be  cleansed  at 
each  Period. 


No. 

Square  yards. 

Square  yards. 

6 

2,750,000 

16,500,000 

3 

1,000,000 

3,000,000 

2 

4,750,000 

9,500,000 

8,500,000 

29,000,000 

Total  Quantities 
cleansed 
per  Week. 


Water  required,  in  Gallon*. 


Per  M'eek. 


For  Qiiiiutities 
cleansed 


Per 
Huiue. 


16,500,000 
3,000,000 
9,. 500, 000 


29,000,000 


96  7 


Per  Diem. 


Per 
Huiue. 


16-1 


Per 
Individual. 


2-3 


No.  2. — Of  the  Footway. 


Period  of 
Cleansing 
per  Week. 

Quantities  to 
be  cleansed  at 
each  Period. 

Total  Quantities 
cleansed 
per  Week. 

Water  required,  in  Gallons. 

Per  Week- 

Per  Diem. 

For  Quantities 
cleansed. 

Per 
House. 

Per 
House. 

Per 
Individual. 

No. 
6 

3 
2 

Square  yards. 
1,536,000 
576,000 
2,688,000 

Square  yards. 

9,216,000 
1,728,000 
5,376,000 

4,608,000 
864,000 
2,688,000 

4,800,000 

16,320,000 

8,160,000 

27*  2 

4-53 

0-05 

(nearly). 

No.  3. — Of  the  Carriage  and  Foot  Wavs. 

Period  of 
Cleansing 
per  Week. 

Quantities  to 
be  cleanseri  at 
each  Period. 

Total  Quantities 
cleansed 
per  Week. 

Water  required,  in  Gallons. 

Per  Week. 

Pgr  Diem. 

For  Quantities 
cleansed. 

Per 
House. 

Per 
House. 

Per 
Individual. 

No. 

6 
3 
2 

Square  yards. 
4,286,000 
1,576,000 
7,438,000 

Square  yards. 
25,716,000 
4,728,000 
14,876,000 

21,108,000 
3,864,000 
12,188,000 

13,300,000 

45,320,000 

37,160,000 

123«9 

20-63  j 

2-95 

(newly.) 

It  is  stated  that  the  quantity  of  water  pumped  into  the  metropolis  is 
50  million  gallons  per  diem,  or  at  the  rate  of  '200  gallons  per  house  ? — 
It  has  been  so  stated. 

Have  you  seen  the  estimate  made  by  Mr,  Mylne  of  the  actual  quan- 
tity of  water  consumed  per  house,  taking  the  average  of  houses  of  dif- 
ferent classes,  and  does  that  estimate  correspond  witli  the  results  of 
your  own  observations? — I  have.  My  principal  observations  would 
refer  to  classes  of  houses  (supplied  by  the  West  Middlesex  Company) 
on  an  average  somewhat  higher  than  the  medium  between  what  Mr. 
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Mylne  calls  houses  of  the  middle  class  and  houses  of  the  poor,  having'  Mr.  i.ovici 
receptacles  for  water.   These  observations  give  an  average  consumption 
of5'7  gallons  per  individual  per  diem.    The  mean  of  the  two  classes  of 
houses  in  Mr.  Mylne's  estimate  is  5*53  gallons  per  individual  per  diem, 
showing  an  accordance  between  them. 

What  is  the  quantity,  according  to  his  returns,  that  would  be  used 
per  house  in  the  Earl-street  district? — Taking  the  consumption  as  the 
mean  of  the  second  and  third  class  houses  in  Mr.  Mylne's  estimate,  the 
quantity  used  in  the  Earl-sireet  district  would  be  nearly  50  gallons  per 
house  per  diem. 

Supposing  that  50  million  gallons  of  water  are  at  the  present  time 
supplied  to  the  metropolis,  would  it  not  appear  from  the  trial-works 
and  observations  that  there  is  an  amount  of  waste  of  more  than  one- 
half  on  the  present  system  of  intermittent  water  distribution? — The 
actual  waste,  from  my  observations,  is  three-fifths  of  the  whole  quantity 
supplied.  On  the  supposition  that  the  waste  was  in  this  proportion  over 
the  whole  of  the  metropolis  (audit  would  appear  to  be  so),  20  million 
gallons  would  be  the  quantity  used,  and  30  million  gallons  the  quantity 
wasted,  of  the  50  millions  stated  to  be  supplied. 

Then  from  these  trial-works  and  observations  it  appears  that  more  is 
wasted  than  would  suffice  for  the  most  profuse  system  of  cleansin;:  ? — 
The  system  of  cleansing  must  indeed  be  profuse  that  would  require 
anything  like  the  quantity  wasted ;  but  the  application  of  the  waste  to 
surface-cleansing  will  best  illustrate  this  point.  The  daily  waste,  or 
waste  on  the  water  day,  in  the  Earl-street  district  is  187,000  gallons. 
This  would  cleanse  the  whole  of  the  carriage-way  on  the  area  five  and 
a  half  times,  or  the  one  day's  waste  would  cleanse  it  nearly  every 
day  for  six  days  in  the  week,  or  it  would  once  cleanse  a  street  30  feet 
in  width  by  10*  miles  in  length.  The  weekly  waste  would  cleanse 
daily  the  carriage-way  of  three  such  localities.  Taking  the  same  pro- 
portion of  waste  as  applicable  to  the  whole  of  the  metropolis,  the  daily 
waste  on  the  quantity  stated  to  be  supplied  would  be  30  million  gal- 
lons. One- third  of  this  waste  would  suffice  for  the  daily  cleansing  of 
the  whole  of  the  carriage  and  footway  paving,  on  the  data  before  given, 
and  about  one-fifth  where  the  periods  of  cleansing  are  proportioned 
to  the  specific  requirements  of  localities  ;  but  the  frequency  of  cleansing 
would  considerably  decrease  the  proportionate  expenditure  of  water, 
and  would  reduce  these  proportions,  which  are  Ibunded  upon  the 
experimental  first  cleansing  of  streets. 

Supposing  you  provided  for  a  general  supply  of  water,  including 
general  street-cleansing  by  use  of  the  jet  in  summer,  and  presuming  a 
general  substitution  of  the  soil-pan  apparatus  for  cesspools,  do  you  think 
it  probable  that  the  entire  demand  would  be  for  more  thun  two-thirds 
the  quantity  of  water  now  stated  to  be  supplied  to  the  metropolis?— 
The  quantity  of  water  stated  to  be  supplied  is  50  million  gallons  per 
diem,  at  the  rate  of  200  gallons  per  house:  this  would  indicate  a 
supply  to  250,000  houses.  Taking  the  number  of  houses  in  the  me- 
tropolis at  300,000,  or  50,000  beyond  the  number  which  appears  to  be 
supplied,  and  a  supply  of  76  gallons  per  diem  to  each,  as  this  appears 
to  be  the  rate  of  consumption  in  theJiigher-class  houses  we  get  the  rate 
per  diem  of  22,800,000  gallons.  For  street-cleansing  w?  have  36-i 
gallons  per  house  per  diem,  or  a  gross  rate  per  diem  of  10,900  0(j6 
gallons,  or  for  the  domestic  supply  and  for  street-cleansing  33|  millions 
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Mr.  Lovick.  nearly.  Thns,  with  an  averaj^e  supply  of  76  gallons  per  house  per  diem, 
the  300,000  houses  would  consume  less  than  one-half  the  present  stated 
supply  to  250,000  houses,  and  with  the  addition  of  the  quantity  re- 
quired for  street-cleansing,  about  two-thirds ;  but  the  supply  for  manu- 
factories, which  I  presume  is  included  in  the  stated  quantity,  would 
require  to  be  known,  in  order  to  see  what  is  absolutely  due  to  the  house 
(or  domestic)  supply,  and  so  to  estimate  its  influence  on  these  pro- 
portions. 

State  whether,  from  the  trial-works  and  observations,  it  does  not 
appear  to  be  possible,  by  improvements  in  the  construction  of  the  pipes, 
to  diminish  the  area  of  friction  and  increase  the  force  of  water,  and 


thus  reduce  the  necessity  of  additional  supply?- 


-The  annexed  diagrams 


will  illustrate  the  decrease  in  the  area  of  friction  with  increase  of  height, 
and  consequent  gain  of  power  by  the  adoption  of  pipes.  Thus  let  a 
represent  a  square  12-inch  drain,  with  a  flow  of  water  througn  it 
i-inch  in  depth ;  the  area  of  the  flow  will  be  6  inches,  the  frictional 
surface  in  contact  with  it  13  inches.  Introduce  this  flow  into  a  pipe 
of  equivalent  sectional  area,  b,  the  height  is  increased  nearly 
whilst  the  frictional  surface  of  contact  is  reduced  one-third.  But  the 
water,  in  rising  in  the  pipe,  moves  with  an  accelerated  velocity :  it 
would,  therefore,  occupv  but  a  portion  of  the  area  of  the  pipe.  Ihus, 
in  the  case  supposed,  there  might  be  a  reduction  in  the  size  of  the  pipe, 
or  a  larger  flow  might  be  sent  through  it.  In  common  drains  of  the 
kind  in  the  example,  the  friction  is  greatly  increased  by  the  defective 
materials  and  irregularity  of  form.  Mr.  Roe  has  found  the  velocity  in 
irla7Ad  pipes  to  be  one-third  greater  than  in  brick-made  drains  {vide 
Evidence  in  First  Report  of  Metropolitan  Sanitary  Commissioners). 
The  common  description  of  pipes  are  much  superior  m  this  respect ; 
and   with  the  extension  of  improvements,  they  would  possess  still 


Practicable  Improvements  in  Pipes, 


129 


further  advantages.  It  is  clear,  therefore,  that  power  is  gained  by  the  » 
introduction  of  the  tube;  and  as  smoothness  of  surface  and  regularity 
of  form  lessen  the  friction,  you  further  increase  the  gain  by  attention 
to  these  points;  and  it  has  been  found  where  tubes  have  been  intro- 
duced, even  in  cases  where  the  supply  of  water  has  been  scanty,  that 
they  have  acted  successfully.  With  the  present  supply  of  water  pro- 
perly distributed,  in  conjunction  with  a  proper  tubular  system  of 
drainage,  you  may  no  doubt  greatly  reduce  the  necessity  for  an  addi- 
tional supply  for  drainage  purposes. 

Supposing  the  soil-water  which  is  delivered  be  required  to  be  pumped 
out  in  any  direction,  say  on  an  average  lift  of  100  feet,  what  would 
have  been  the  gain  of  engine-power  by  the  reduction  in  the  quantity  of 
water  needed  by  the  most  improved  system  of  drainage  and  water- 
supply,  as  deduced  from  these  trial-works  and  observations  ? — In  the 
absence  of  information  as  to  the  quantity  supplied  to  manufactories, 
there  are  no  precise  data  for  estimating  it ;  but  if  we  take  the  difference 
between  the  stated  daily  supply,  50  million  gallons,  and  that  stated  as 
the  required  supply,  33 J  millions  nearly — or  16i  million  gallons — the 
gain  in  engine-power,  on  the  supposition  that  this  quantity  was  raised 
in  12  hours,  would  be  683  horse-power. 

Were  not  the  earthen  pipes  first  used  very  defective  in  construction  ? 
— ^Yes,  they  were  very  defective  in  construction,  few  approaching  to 
anything  like  regularity  of  form — rough,  ill  glazed,  and  with  many 
indentations  and  protuberances,  which  would  greatly  impair  their 
efficiency. 

Have  you  seen  specimens  of  improved  pipes,  made  with  pressure, 
which  give  a  greater  regularity  of  flow  ?  Does  not  the  increased 
velocity  amount  to  one-third,  or  one-fourth? — Yes. 

With  the  extension  of  similar  improvements,  have  you  any  reason 
to  doubt  that  great  increase  in  the  velocity  of  discharge,  compared  with 
the  present  apparatus,  might  be  produced,  consequently  reducing  the 
need  for  additional  supplies  of  water  Ibr  keeping  the  drains  clear? 
— Superior  make  and  regularity  of  form  of  the  pipes  considerably 
reduce  the  friction,  and  promote  greater  regularity  of  the  flow,  and 
would  accelerate  it.  In  those  specimens  which  I  have  seen,  the  acce- 
leration is  stated  at  one-fourth,  a  result  obtained  solely  by  improve- 
ments in  the  manufacture,  by  the  extension  of  which  I  have  no  doubt 
but  that  a  great  increase  in  the  velocity  might  be  obtained. 

What  were  the  general  statements  as  to  the  expense  of  the  water- 
supply  in  several  districts  that  were  investigated  ?— In  St.  Jameses 


parish  the  average  expense  per  house  per  annum,  as  returned  by  th 
occupiers  of  1885  houses,  was  ZL  Os.  2d.    In  St.  Ann's,  Soho,  the  ave 


e 

ave- 


rag^e^  expense  per  house  per  annum,  as  returned  by  the  occupiers  of 

5d.    In  St.  George's,  Southwark,  the  average 


1173  houses,  was  1/.  l7s. 


expense  per  house  per  annum,  as  returned  by  the  occupiers  of  j>0fi4 
houses,  was  1/.  7^.  9(f. 

What  was  the  average  rate  of  expense  for  water  as  returned  by  the 
tenants  of  the  1100  houses  in  the  Earl-street  district  ?— The  avera^-e 
rate  of  expense  for  water  as  returned  by  the  tenants  of  856  houses  In 
this  district  was  34?.  Id.  per  house  per  annum. 

It  appears  from  the  returns  of  the  London  and  Vauxhall  Company 

means  of  r^.-'""''  ^h^"^^"'^^,  ^^^^ir  district  withou  thi 

means  ofreceivmg  water,  and  that  its  very  abundance  is  productive 
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Mr.  Lovir:^.  of  evil  in  making-  the  neighbourhood  damp  and  unfit  for  habitation. 

Is  the  same  remark  applicable  to  other  districts  ? — I  believe  it  will, 
more  or  less,  apply  to  all  tlie  districts.  Although  tliere  are  stringent 
provisions  for  the  prevention  of  waste,  as  the  Companies  require  proper 
cisterns  and  butts  and  ball-cocks  to  be  provided,  yet,  from  this  regulation 
not  being  complied  with,  and  from  the  defective  working  of  the  appa- 
ratus, either  naturally  or  from  design,  waste  occurs  to  an  enormous 
extent,  and  in  many  situations  produces  the  condition  stated  by  the 
Southwark  and  Vauxhall  Company  as  occurring  so  largely  in  their 
district. 

You  have,  no  doubt,  observed,  in  cases  where  drainage  is  deficient, 
great  dampness  caused  by  the  waste  of  water  ? — Yes,  frequently.  I  am 
now  in  communication  with  an  owner  of  property  who  proposes  to  lay 
on  the  water  to  several  houses  so  soon  as  proper  drains  are  provided 
for  taking  off  the  waste,  and  for  which  he  has  applied.  He  has  stated 
to  me  that  he  would  not  lay  on  the  water  without  the  drains  were  first 
provided;  and  I  have  no  doubt  but  that  this  consideration  weighs  with 
many  landlords,  as  the  injury  arising  from  dampness  caused  by  the 
water-supply,  where  drainage  is  deficient,  is  incalculable. 

Have  the  earthenware  sewev  pipes  which  you  have  put  down  been 
in  macadamised  roads? — There  have  been  some  put  down  in  roads  of 
that  description. 

Have  they  had  any  protection  from  granite  detritus  ?— Some  of 
them  have  not. 

And  yet  they  have  kept  themselves  clear  ?— In  those  cases  in  which 
the  pipes  have  kept  themselves  clear  there  has  been  a  good  flow  of 
water,  and  they  are  laid  at  a  good  inclination. 

Does  it  not  appear  that  with  a  good  flow  in  the  main-line  if  the  stuff 
from  roads  was  sent  into  it  it  would  be  carried  off  ?— With  the  main- 
line laid  at  a  due  inclination,  and  with  a  good  flow  of  water  through  it, 
the  slop  from  the  roads  in  wet  weather  would,  I  believe,  be  carried 
off;  but  hitherto  there  has  not  been  a  sufficiently  large  experience  on 
this  point  to  speak  with  absolute  certainty. 

Was  it  not  considered  desirable  and  practicable,  nevertheless,  to 
make  shallow  cesspits  for  the  gully-shoots  for  roads,  to  prevent  granite 
detritus  from  getting  in  ?— It  was,  and  very  judiciously  so,  in  the 
present  arrangements  and  with  our  present  experience  on  the  subject. 

But  this  is  with  a  continuous  fair  fall ;  now,  supposing  the  continuity 
of  the  fall  to  be  interruoted  by  the  outlet  being  below  high-water  mark, 
of  course  the  matter  which  before  was  carried  in  suspension  would  be 
deposited  ^-As  the  power  to  remove  matter  in  suspension  is  in  pro- 
potion  to  the  volume  of  water,  and  to  the  velocity  with  which  it  moves, 
S  as  this  velocity  increases  with  the  increased  inclination,  any  inter- 
motion  o  the  Su  or  decrease  of  inclination  must  be  attended  with  a 
;Xortion^  of  power,  and  this  becomes  F-^ressive  m  ^^^^^ 

situate  in  districts  below  high-water  mark,  where  ^^'^  ^"^^^^^^^ 
•Iffected  by  the  tide,  so  that  where  sewers  pass  through  a  d^^/J'^tof  tins 
kind  from  a  hio-hei'  level  the  .matter  held  in  suspension  in  he  flow  in 
the  h^E  parts  is  deposited  as  it  is  brought  down  into  the  lower  level. 

Is  U  not  fbuni  tS  this  detritus  becomes  indurated,  and  requ.res 
a  .  ?eatert  ce  of  water  to  remove  it  than  that  necessary  to  keep  it  in 
a  gieaier  lur  detritus  will  become  so  indurated  as  to 

t"rrrv';7v\:i.si,.=n*le  l^e  of  water,  .»d  even  mnnu.,  labour 


recj^u 
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aided  by  proper  implements  to  remove  it,  so  that  the  force  of  water  Mr.  Lovkk 
necessary  to  keep  such  matter  in  suspension  bears  but  a  slig-ht  pro- 
portion  to  the  force  requisite  for  its  removal  when  it  has  once  become 
indurated. 

In  places  which  are  below  high-water  mark  for  how  many  hours  is 
the  flow  arrested  ? — This  will  vary  in  places.  In  some  districts  the 
flow  would,  on  the  average,  be  arrested  for  two-thirds  of  the  day,  or  for 
S  hours  during-  the  daily  tides,  or  for  16  hours,  taking  the  tides 
throughout  the  24  hoxxrs. 

Then,  in  consequence  of  the  arrest  of  the  discharge  in  these  low- 
lying  districts,  a  much  larger  volume  of  water  is  requisite  to  lift  and 
remove  the  matter  so  deposited? — Yes.  The  quantity  of  water  neces- 
sary to  keep  matter  in  suspension  in  lines  laid  at  a  due  inclination,  and, 
where  the  discharge  is  continuous,  bears  but  a  slight  proportion  to  the 
enormous  volume  required  to  lift  and  remove  the  same  matter  after  it 
has  been  deposited. 

Supposing  the  additional  quantity  of  water  necessary  to  remove  the 
deposited  and  indurated  matter  is  to  be  sent  in  by  pumping,  would  it 
not  be  a  greater  economy  of  pumping-power  to  lift  the  water  from  a 
lower  artificial  level,  in  order  to  preserve  the  continuity  of  the  dis- 
charge ?  With  a  proper  tubular  system  of  house-drains  and  sewers, 
would  it  not  be  a  large  economy  of  power  to  pump  ? — If  the  supply  of 
■water  now  used  for  the  prevention  of  accumulations  of  deposit  in  this 
district  had  to  be  pumped  into  the  district,  and  if,  as  the  question  im- 
plies, an  artificial  outfall  was  to  be  provided,  so  as  to  ensure  a  proper 
tubular  system  of  house-drains  and  sewers,  or  a  system  constantly 
discharging,  the  power  requisite  to  pump  the  supply  of  water  now  used 
into  the  district  for  the  prevention  of  the  accumulations  of  deposit  from 
the  ordinary  drainage  in  the  present  sewers  would  much  exceed  the 
power  requisite  to  pump  up  the  ordinary  drainage  from  such  artificial 
outfalls,  much  more  would  be  the  excess  of  power  required  were  addi- 
tional supplies  of  water  pumped  in  for  sewer-cleansing  purposes. 

You  of  course  have  had  to  flush  the  sewers  in  the  Surrey  and  Kent 
district,  and  have  observed  there  the  effect  of  the  intermittent  dis- 
charges of  the  drainage  matters  which  are  backed  up  and  kept  within 
the  district  during  high-water  ?  In  the  discharge  of  the  sewers  there  is 
not  the  supernatent  sewage  water  decanted  off,  leavin"-  the  matter 
deposited,  and  what  are  its  effects  ?— Yes.  From  the  drainage-matter 
m  this  district  being  locked  in  for  many  hours  in  each  day,  a  very 
large  proportion  is  deposited,  and,  when  the  outlets  become  free  then 
the  liquid  portion,  with  but  a  slight  amount  of  the  solid  matter  is 
decanted  oft',  or  flows,  into  the  Thames.  And  as  the  reservoir-sewers 
become  full,  the  foul  gas  is  expelled  from  them  through  every  openino- 
mto  the  public  thoroughfares  and  into  the  private  houses.  And  the 
generation  of  foul  gas  is  quickened  by  the  stagnation  of  the  draina<.  e 
bemg  continually  formed  and  continually  expelled  by  the  proo-re-^sive 
accumulation,  so  that  not  only  are  mechanical  difficulties  created  but 
health  is  jeopardised  by  this  arrest  of  the  flow.  ' 

Have  you  estimated  what  would  be  the  quantity  of  water  required  to 
flush  avvay  this  matter  ?-It  would  be  difficult  to  do  so,  as  (owino-  to 
many  of  the  collateral  and  parts  of  main  sewers  bein-  below  their  out- 
les ;  to  irregularities  in  them;  and  to  the  unavoidable  deficiencv  of 
fall  m  even  the  best  constructed  lines,  from  much  of  the  district  beino- 
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ovick  below  higli-waler;  and  from  the  drainage  being  locked  in  by  the  tide  . 
about  two-thirds  of  the  time)  it  is  impossible  to  remove  much  of  the 
deposit  from  muny  of  the  lines.  The  present  quantity  of  water,  with 
the  immense  volume  now  procured  from  the  Thames  through  the 
various  sluices,  probably  at  least  from  eiglit  to  ten  times  greater  than 
the  ordinary  sewage-flow,  is  wholly  inadequate  to  keep  even  many  of 
the  better  class  of  the  low-level  sewers  clean. 

In  that  district  it  appears  that  there  have'beenand  are  now  daily  pre- 
sented demonstrations  of  the  interruption  of  the  flow  of  water,  from 
the  district  being  below  high-water  mark  ? — Yes. 

In  many  instances  are  not  some  of  the  outlet  sewers  brought  down 
to  low-water  level  ? — Some  are  brought  down  to  within  from  2  to  4 
feet  of  low-water  mark. 

In  respect  to  the  pollution  of  the  Thames  water,  have  you  seen  a 
statement  of  the  relative  rate  of  flow  of  the  tides? — Yes. 

Take  the  case  of  sewer  matter  discharged — say  at  Rolherhithe — what 
would  be  the  highest  point  up  the  river  at  which  it  would  be  safe  to 
take  the  water  for  domestic  use? — It  is  stated  by  some  that  the  flood- 
tide  continues  for  7  miles,  and  the  ebb  for  10.    Now  if  matter  was  dis- 
charged at  Rotherhithe  (say  by  the  Thames  Tunnel)  at  low-water,  or  the 
turn  of  the  tide  for  flood,  it  would  travel,  supposing  the  whole  mass  to 
move,  *]  miles  up  the  river,  or  to  nearly  half-way  between  Battersea  and 
Putney  Bridge,  and  above  the  Counter's  Creek  sewer,  the  highest  main 
outlet  in  the  Westminster  district-  of  sewers,  and  considerably  above 
the  points  from  whence  the  Southwark  and  Vauxhall,  and  Chelsea 
water  companies  at  present  derive  their  supplies ;  so  that,  if  water  is 
required  for  domestic  use,  uncontaminated  by  sewage  matter,  it  could 
not  be* taken,  at  least  during  certain  periods,  from  any  part  between 
these  points;  but  this  is  without  reference  to  matter  discharged  at 
higher  points,  which  at  present  contaminates  tl)e  river  far  above  these 
'  limits,  and  this  is  daily  increasing  with  the  extension  of  the  town  west- 
ward.'  For  instance,  (he  Counter's  Creek  sewer,  which  a  few  years 
since  discharged  but  little  else  than  land  waters,  and  was  so  instanced 
before  the  committee  on  the  Metropolis  Water  Supply  so  late  as  1834, 
now  receives  a  large  amount  of  house-sewage,  which  is  rapidly  increasmg 
from  the  rapid  extension  of  buildings  on  this  area.    Upon  the  rates  ot 
the  tides,  and  their  proportions  to  each  other,  there  are  various  con- 
flicting statements,  so  that  they  can  only  be  very  approximately  stated, 
and  must  be  received  merely  as  rough  approximations  to  illustrate  the 
principle  of  the  tidal  action.  _ 

How  many  loads  of  sewer  deposit  have  been  removed  ni  any  one  week 
in  the  Surrey  and  Kent  district  ?  What  is  the  total  quantity  of  deposit 
removed  in  any  one  week  in  the  whole  of  the  metropolitan  district?— 
It  is  difficult,  if  not  impossible,  to  ascertain  correctly  the  quantity  re- 
moved, owing  to  the  variety  of  forms  of  sewers  and  the  ever-varymg 
forms  assumed  bv  the  deposit  from  the  action  of  varymg  volumes  ot 
water  •  but  i  have  had  observations  made  on  the  rate  ot  accumulation,, 
from  which  I  have  been  enabled  roughly  to  approximate  it.  In  one 
week  in  the  Surrey  and  Kent  district,  about  1000  yards  were  removed. 
In  one  week,  in  the  whole  of  the  Metropolitan  districts,  including  the 
Surrey  and  Kent  district,  between  4000  and  5000  yards  were  removed  ; 
but  in  portions  of  the  districts  these  operations  were  not  ni  progress. 
Does  not  the  flow  tend  to  form  clnmuels  in  the  deposit,  proportioned 
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to  its  volume  ?  Give  cross-sections  illustrative  of  this  point? — Yes;  Mr.  Lovick. 
the  sections  which  I  now  hand  in  show  that  this  is  so.    {See  Plan.) 

Are  not  these  channels  frequently  curved,  and  do  they  not  frequently 
indicate  the  proper  proportion  of  passage  to  the  volume  passing  througli 
them  ? — They  do. 

In  the  performance  of  your  duties  in  the  direction  of  flushing 
operations,  you  will  have  observed  the  points  of  discharge  or  the  outlets 
of  the  main  lines  of  sewer  flushed.  You  were  directed  to  observe,  as 
far  as  you  might  have  opportunity,  the  range  of  contamination  of  Thames 
water  from  such  flushings.  Describe  them? — It  would  be  diflScult  to 
except  any  part  of  the  Thames  within  the  influence  of  the  tides  from 
the  range  of  contamination  from  the  flushings  of  the  sewers  into  it,  or 
from  their  natural  discharges  ;  many  of  the  main  outlets  being  high  up 
the  river.  In  the  Report  of  the  Committee  of  the  House  of  Commons  on 
the  Metropolis  Water  Supply,  in  1834,  an  experiment  to  ascertain  the 
rate  of  flow  of  the  tide  is  recorded.  A  float  was  placed  by  the  King's 
Scholars'  Pond  sewer  at  the  commencement  of  the  flood,  during  or  near 
a  spring-tide,  which  travelled  nearly  half  a  mile  above  Kew-Bridge  ;  the 
actual  distance  travelled  being  10^  miles  in  five  hours  and  nine 
minutes.  The  King's  Scholars'  Pond  sewer  is  not  the  highest  large 
7nain  sewer  on  this,  the  north,  side  of  the  Thames;  the  Ranelagh 
sewer,  draining  a  larger  area  and  receiving  a  very  large  amount  of 
house-drainage,  and  the  Counter's  Creek  sewer,  being  above  it;  but 
this  will  give  some  idea  of  the  range  of  contamination. 

You  were  directed  to  take  the  highest  sewer  and  the  lowest  sewer 
outlet  into  the  river  Thames,  under  the  jurisdiction  of  the  Metropolitan 
Commission  of  Sewers,  and,  supposing  the  discharge  of  each  sewer  at 
the  usual  time  after  high  water,  delineate  the  progress  or  the  extent  of 
flux  and  reflux  of  the  sewage,  until  its  final  exit  from  the  populous  por- 
tions of  the  bank  of  the  Thames,  as  (say)  Erith  or  Woolwich;  or,  supposing 
a  floating  body  to  be  discharged  from  the  sewer,  mark  its  track  of  flux 
and  reflux? — The  flux  and  reflux  of  the  river,  in  its  eff'ect  upon  any 
floating  body  discharged  into  it,  may  be  best  shown  (although,  for  the 
reasons  before  stated,  this  can  only  be  approximately  done)  by  consider- 
ing the  discharge  to  take  place  at  the  extreme  limits— of  the  flux  in  the 
one  case,  of  the  reflux  in  the  other :  assuming  the  tides  to  be,  as  they 
are  generally  stated,  in  the  following  proportions— the  flux  to  run  7 
miles,  or  5  hours ;  the  reflux  10  miles,  or  7  hours ;  and  that  the  whole 
mass  moves. 

The  diagrams  A  and  B  will  represent  the  discharges  as  aflTecled  by 
these  two  conditions. 

The  black  lines  show  the  flux  and  reflux  ;  0  the  floating  body  at 
the  moment  of  discharge ;  and  the  black  dots  tlie  same  body  at  different 
stages  of  the  tides. 

Take  the  discharge  at  high  water,  as  in  diagram  A. 

In  7  hours  the  float  has  travelled  10  miles  doion  the  river  in  12 
hours  It  has  returned  7  miles  up  the  river,  or  to  within  3  miles 'of  the 
pomt  of  discharge.    At  the  31st  hour  it  is  16  miles  down  the  river  and 

Z'^rrf  ^  ^''^^^      «^  i«  removed' that 

aifetance  below,  the  starting-point. 

Take  the  discharge  at  low  water,  as  in  diagram  B. 

Supposing  the  most  valuable  manure  were  to  continue  to  be  wasted. 
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at  what  time  and  at  what  point,  by  piimpinf?,  might  the  sewage-water 
ot  the  south  side  of  the  river  be  discliarged  apparently  sale  •  that  is 
to  say,  salely  from  the  pollution  of  the  river  or  banks  within  the 
densely  populated  districts  ?  At  what  point  from  the  north  side  of  the 
river?— The  period  at  which  the  sewage  might  m^^i  safely  he  dis- 
charged would  be  at  high-water,  or  the  turn  of  the  tide  for  ebb,  as  it 
would  then  be  removed  the  furthest  distance  from  the  town  in  the 
shortest  time ;  and  assuming-  the  correctness  of  the  statement,  that 
there  are  3  miles  in  favour  of  the  ebb,  the  sewage  would  in  the  one  tide 
be  permanently  removed  3  miles  below  the.  point  from  which  it  was 
discharged.  The  discharge  at  low  water,  or  the  turn  of  the  tide  foi 
flood,  would  require  seven  lines,  acting  over  a  period  of  41  iiours,  to 
produce  this  effect,  according  to  the  proportions  of  the  flood  and  ebh 
which  have  been  generally  given.  Greenwich  on  the  south  side,  and 
Blackwall  on  the  north  side,  may  be  considered  as  the  limits  of  the 
densely  populated  districts ;  but  on  the  south  side,  below  Greenwich, 
is  Woolwich.  The  limit  of  density  of  population  at  the  point  lowest 
down  the  river,  whether  on  the  south  or  on  the  north  side,  should 
govern  both  sides  on  this  question,  as  the  point  which  might  safely 
serve  one  side  might  endanger  the  other,  if  situate  lower  down  on  the 
opposite  side,  the  sewage  flowing  from  both  sides  into  the  one  maiv 
channel.  So  that  if  the  extreme  point  be  taken,  and  the  discharges 
considered  as  taking  place  at  high  water,  the  river  at  Blackwall  would 
be  the  point  for  both  sides  ;  although  for  the  south  side  a  shorter 
course  could  be  taken,  which  w^ould'for  this  side  take  the  sewage  about 
one  mile  lower  down  the  river. 


Mr.  John  Grant,  examined. 

Mr.  Gi-ant.      Are  you  not  surveyor  to  the  Metropolitan  Commissioners  of  Sewers  t 
'         — Yes  :  for  a  considerable  portion  of  the  Surrey  and  Kent  district. 

Had  you  previously  executed  works  of  drainage  yourself? — I  had. 
Have  you  had  experience  of  the  practical  working  of  tubular  drain- 
age ? — Yes. 

From  what  vou  have  seen  are  you  convinced  that  these  drains  will 
keep  themselves  clear  if  on  a  proper  inclination  ? — I  am.  Within  the 
last  few  weeks  I  sent  to  know  how  the  4-inch  drains  I  had  put  in  at 
Exeter,  twelve  and  eighteen  months  ago,  had  answered,  and  in  every 
case  I  found  that  they  had  done  so  perfectly,  notwithstanding  that  some 
of  them  had  been  put  down  without  water  supply.  The  parties  con- 
cerned are  perfectly  satisfied  with  them. 

What  is  the  largest  number  of  houses  in  one  block  that  you  have 
drained  on  the  tubular  system  ? — 130  for  one  gentleman,  but  it  was  nor 
convenient  for  him  at  the  time  to  lay  on  water.  The  drains  have,  how- 
ever, acted  well,  notwithstanding  the  risk  thereby  incurred. 

On  your  appointment  as  surveyor  under  the  Metropolitan  Commis- 
sioners of  Sewers  you  were  directed  to  examine  and  report  on  the  work- 
ing of  the  earthenware  tubular  drains,  which  had  been  ordered  by  the 
new  commission  of  sewers  to  be  laid  down?— I  was. 

Most  of  those  works  had  been  combined  with  the  service  of  water- 
sunplv? — In  most  cases  (hey  had;  hut  in  some  they  had  not. 
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It  will  be  seen  that  the  float  has  been  brought  back  five  times  to  the 
point  from  which  it  was  first  discharged,  after  having  travelled  to  the 
point  of  last  coincidence  42  miles  through  six  tides.  So  that  the  float 
is  permanently  cai-ried,  at  high  water,  in  six  tides,  extending  over  36 
hours,  9  miles  below  the  discharging  point ;  at  low  water,  in  seven  tides, 
extending  over  41  hours,  two  miles  below  it.  Or  to  produce  the  effect 
of  the  discharge  at  high  water  it  would  require  twelve  tides  acting  over 
a  period  of  nearly  66  hours,  through  a  space  of  93  miles,  on  the  supposi- 
tion, as  before,  that  these  quantities  approximately  represent  the  rates 
and  proportions. 

The  outlets  of  the  sewers  are  at  points  intermediate  between  high 
and  low  water,  so  that  the  discharges  will  be  at  various  stages  of  the 
tides,  carried  doivn  a  less  distance  in  the  reflux^  carried  up  a  less  dis- 
tance in  the  flux,  oscillating  proportionately  between  the  limits  of  the 
flows ;  but  the  diagrams  will  serve  to  show  the  general  action  of  the 
tides  in  the  simplest  manner. 

From  these  observations  you  are  enabled  to  speak  from  the  demon- 
strations of  trials,  made  under  varied  and  disadvantageous  circum- 
stances, as  to  the  extent  to  which  the  present  supplies  of  water  mav  be 
made  to  act  for  cleansing  ? — Yes. 

Since  the  house-drains,  when  properly  laid,  are  kept  clean  by  the 
Inaction  of  the  waste  water  which  they  have  to  discharge,  may  not  the 
^punction  or  the  branch  drains  be  expected  to  keep  themselves  clean 
^^ith  their  reduced  amount  of  friction,  and  even  with  reduced  falls? — 
They  may. 

As  a  matter  of  fact,  where  the  drains  and  junctions  are  tolerably  well 
aid,  do  they  not  keep  themselves  clear  of  accumulation,  and  con- 
equently  need  no  additional  supplies  of  water?  — They  do. 

When  you  speak  of  the  tubular  drains,  are  not  the  pipes  at  present 
nd  hitherto  manufactured  very  imperfect  ? — They  are,  both  in  form, 
and  finish.    A  great  many  of  the  quahty  called  "  seconds,"  as  well  as 
of  common  red  clay  pipes,  are  used  by  private  bricklayers  when  thev 
can  escape  supervision. 

Do  not  the  potters  continue  to  make  right-angled  junctions,  and 
other  improper  forms  of  pipes?— Yes;  because  the  'importance  of 
better  forms  is  not  generally  understood,  and  a  trifling  savino-  of  9<f. 
per  pipe  is  made  by  using  a  straight  in  connexion  with  a  right-anoled' 
pipe,  instead  of  a  curved  with  an  acute-angled  junction.        ^  ^ 

Will  a  4-inch  tubular  drain  take  off  the  water  fallina;  upon  the  roof 
and  yard  as  well  as  that  coming  from  the  interior  of*a  house  of  the 
largest  class?— It  will,  if  properly  laid  at  an  inclination  of  not  le«s 
than  I  in  120. 

What  number  of  fourth-class  houses  may  be  drained  by  a  4-inch 
dram?-~This  will  vary  with  the  inclination  and  the  extent  of  ground 
attached.  In  1848  1  drained  five  houses  through  such  a  pipe  and  it 
has  answered  ever  since  perfectly  and  without  any  stoppa<4  '  Since 
then  I  have  laid  out  the  drainage  of  several  blocks  of  8  10  and  l"? 
houses  through  4-inch  pipes  where  the  inclination  was  good,  that  is  to 
say,  i  in  30  to  I  in  60.  ^     '  ^ 

vn,y^Y  ^,"^"^'^y  °f  ^*ter  and  of  rain  respectively  formed  the  basis  of 

of  ra  n  o^r  T^t  T'''^'^^""  P7/^°f  ^  water-supply,  and  two  inches 
ot  ram  on  the  total  area  occupied  by  houses,  yards,  and  gardens;  the 
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^Mr. Grant,  combined  quantity  to  be  discharged  by  house-drains  in  two  hours;  for 
example : — 

20  houses  occupying  an  area  of    .       10,000  square  feet. 

Two  inches  rain  on  this       .       .         1,666  cubic  feet. 
20  houses  supplied  with  IG  cub.  ft.  each  320 

2)1986  cub.  ft.  discharged 

  in  2  hours. 

60)  993  cub.  ft.  in  1  hour. 


16*55  cub.ft. permin. 

A  4-inch  drain  laid  at  an  inclination  of  1  in  50  would  discharge 
double  the  large  quantity  allowed  in  the  above  case  for  20  houses ;  or, 
in  other  words,  discharge  2  inches  of  rain  and  the  daily  supply  of  water 
in  one  hour. 

What  may  be  the  proportion  which  the  drainage  from  the  interior  of 
the  house  and  the  rainfall  allowed  for  in  your  calculations  bear  to  each 
other? — This  varies  with  the  number  of  houses  per  acre,  but  in  a 
large  district  the  quantity  of  rain  calculated  upon  as  likely  to  fall  and 
be  discharged  in  24  hours  was  15  times  the  amount  of  house  drainage. 

You  were  directed  by  the  Works  Committee  to  report  on  the  means 
of  the  combination  of  the  water  supply  with  the  house  and  general 
drainage  works  for  the  complete  4''ainage  and  cleansing  of  a  block  of 
houses  comprising  the  fever-nest  known  as  Jacob's-island,  Bermondsey  ? 
— I  was. 

What  was  the  extent  of  the  block  of  buildings  you  so  laid  down  ? — 
The  total  area  was  about  50  acres,  the  area  built  upon  about  41-^.  The 
number  of  dwelling-houses,  1317  ;  of  granaries,  manufactories,  and 
buildings  other  than  dwelling-houses,  about  50  more  ;  the  average 
number  of  houses  per  acre  being-  32. 

Will  you  state  the  sizes  of  house-drain  branches  and  main  or  trunk 
drains  you  propose  ? — The  house  branches  to  closets  are  4  inches  dia- 
meter ;  to  sinks  2  and  3  inches  ;  the  main  lines  are  6,  9,  12,  15,  and 
24  inches. 

How  many  principal  mains  are  there,  and  what  are  their  sizes  at  the 
outlet? — There  are  four  main  drains;  one  measures  at  the  outlet  24 
inches  diameter,  to  take  the  drainage  of  about  23  acres  and  630  houses, 
besides  making  allowance  for  10  acres  and  670  houses  more,  which 
may  be  added  at  a  future  time.  A  second  main  line  is  15  inches  dia- 
meter at  the  outlet,  to  take  the  drainage  of  10  acres  and  364  houses, 
besides  providing  for  255  houses  which  may  be  added  at  a  future 
time.  The  third  main  line  is  9  inches,  to  drain  3i  acres  and  162 
houses,  besides  providing  for  three-quarters  of  an  acre  and  107  houses 
more  which  may  be  added.  The  lourth  is  12  inches  at  the  outlet, 
to  drain  6  acres  and  177  houses,  besides  half  an  acre  and  140  houses 
more  which  may  be  added  at  a  future  time.  Provision  is  made  for 
still  further,  if  required,  concentrating  the  streams  of  dramage  mto 

one  line.  .  •      c  .■u- 

Supposing  that  you  had  an  order  of  Court  for  the  execution  of  this 
combined  work  of  water-supply  and  drainage,  within  what  time  do  you 
consider  it  might  be  executed  ?— From  three  to  four  months. 
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How  much  of  the  Surrey  and  Kent  district  might  he  with  safety  Mr.  Grant, 
similarly  drained  in  blocks  separately,  with  the  aid  of  the  general  and 
subterranean  surveys  ? — All  the  more  densely-built  and  most  necessitous 
part  might  be  similarly  drained  into  the  best  of  the  existing  sewers  which 
surround  the  blocks.  The  outlets  could  be  afterwards  connected,  and 
concentrated  in  the  direction  most  desirable. 

In  this  part  of  Bermondsey  have  you  found  many  house-drains  con- 
structed under  the  former  Surrey  and  Kent  Commission  ? — Most  of  the 
houses  drain  into  cesspools,  but  there  are  a  few  drains  connected  with 
the  sewers  in  Great  George-street  and  one  or  two  other  streets. 

What  was  the  size  of  house-dranis  made  most  recently  before  the 
late  Surrey  and  Kent  Commission  9  and  12  inch  brick  barrel- 
drains  ;  about  three  or  four  years  ago  1 5  inches ;  and  if  to  more  than 
three  houses,  18  inches. 

What  is  the  area  of  friction  of  these  drains  ? — If  they  were  full,  the 
area  of  friction  would  be,  in  9-inch  drains  2-356  feet;  12-inch  drains, 
3-1416  feet;  15-inch  drains,  3-927  feet ;  18-inch  drains,  4-'712  feet; 
but  masmuch  as  the  stream  of  drainage  from  a  house  of  any  size  will 
never  fdl  the  whole  area  of  even  the  smallest  of  these  drains,  the  actual 
frictional  area  varies  with  the  quantity  of  water  passing  through  them. 

What  is  the  frictional  area  of  the  tubular  drain  you  provide  for  a 
house?— In  a  4-inch,  if  full,  1-047  feet,  or  one-third  that  of  a  12-inch 
drain. 

Supposing  you  were  to  drain  from  the  back  instead  of  the  front,  what 
difference  would  it  make  in  the  length  of  the  house-drains It  varies; 
but  the  average  of  many  blocks  in  different  localities  may  be  stated  iii 
round  numbers  to  be  by  front  drainage  more  than  twice  the  length  of 
drain  that  is  required  by  back  drainage ;  in  some  cases  it  is  three  times. 

Then  if  the  frictional  area  of  a  12-inch  brick  barrel-drain  is  three 
times  that  of  a  4-inch  pipe,  and  the  length  is  double,  the  total  frictional 
area  of  the  one  must  be  very  greatly  in  excess  of  the  other?— About  six 
times  m  the  case  supposed. 

Would  it  not  be  only  in  case  of  difficulties  as  to  property  that  you 
would  dram  from  the  front  instead  of  the  back  ?— Only  in  such  cases 
^ or  instance,  in  the  Bermondsey  block  there  are  21  houses  which  must 
be  drained  separately,  as  the  mill-stream  is  immediately  under  and  at 
the  back  of  them ;  but,  excluding  these,  there  is  but  one  house  in  a 
hundred  through  which  a  drain  would  need  to  be  laid. 

Is  there  the  same  disproportion  in  the  size  of  the  main  sewers  for- 
merly made  and  those  you  have  laid  and  recommended  in  different 
places  ?— There  is. 

What  are  the  sectional  areas  of  the  main-lines  you  have  proposed 
and  those  which  exist  in  similar  streets .?— The  sectional  area  of  the 
12-inch  mam  pipes  is  -7854  foot ;  of  the  15-inch  -98175  ;  the  area  of 
a  very  common  size  of  sewer  in  similar  streets  (a  sewer  5  feet  high  by 
3  teet  wide,  semicircular  top  and  bottom)  is  13-07,  or  from  13  to  17 
times  the  sectional  area  of  the  pipe-sewers. 

Supposing  the  portion  of  Bermondsey  formerly  referred  to  were  to 
have  complete  house-drainage  as  well  as  main-drainage  on  the  plan 
which  was  formerly  recognised,  what  would  be  the  proportional  fric- 
tional area?— Probably  four  to  six  times  that  of  the  system  proposed 

And  a  proportional  excess  of  water  to  keep  the  drains  clear  ^~  Yes 
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Effect  of  tidal  action  on  Sewage. 


What  the  difference  of  cost? — ^This  is  difficult  to  ascertain  precisely, 
but  the  averages  of  several  blocks  carefully  calculated  are  from  six  Uj  ten 
limes  that  of  the  tubular  back  drainage. 

What  is  the  actual  amount  of  deposit  in  the  cesspools  and  such  sewers 
as  there  are  in  the  district? — There  are  in  648  cesspools  about  30,000 
cubic  feet  of  soil,  besides  that  in  the  sewers,  w  hich  is  very  great,  but 
constantly  varying. 

What  difierence  of  fall  in  the  house-drains  may  there  be  by  back  and 
front  drainage  ? — Never  less  than  double  in  one  case  of  the  fall  in  the 
other,  and  generally  much  more. 

What  advanta;^e  in  point  of  fall  in  a  flat  district  like  the  one  in 
question  does  the  use  of  tubular  sewers  give  you  over  the  main  lines  of 
brick  sewers? — In  the  one  case  a  fall  of  froni  9  to  10  feet  has  been  ob- 
tained in  about  half  a  mile,  whereas  with  brick  sewers  this  would  have 
been  reduced  to  5  or  6. 

Suppose  that  it  had  been  required  to  keep  such  drains  and  sewers  in 
good  action  under  the  former  plan  of  drainage,  by  what  amount  of  v/ater 
or  arrangement  of  water  could  it  have  been  effected  ? — I  do  not  see  any 
mode  of  keeping  clean  by  any  self-acting  process  such  large  sizes  of 
drains  and  sewers,  especially  in  a  flat  district. 

You  have  doubtless  observed  cases  where  water  carrying  soil  or 
♦letritus  in  suspension  down  proper  inclinations  was  arrested  by  the 
closing  of  the  outfall,  as  in  the  case  of  the  old  Surrey  Commission 
sewers,  which  are  below  high-water  mark  during  the  high  tides  ?— 
This  is  an  inevitable  and  universal  consequence  in  the  Surrey  and  Kent 
or  any  similarly  situated  district  drained  on  the  intermittent  system. 

Such  water  when  so  arrested  of  course  deposits  the  matter  in  sus- 
pension ? — It  does.  •    J  J  • 

Now,  when  the  surface  sewer-water  so  arrested  and  detamed  durmg 
hio-h-W£ter  (upon  the  intermittent  system  of  drainage  in  Surrey)  is 
discharged  by  the  openinj?  of  the  sluices  at  low  water,  does  it  hft  and 
remove  all  the  matter  so  deposited?— No :  only  that  which  is  held  in 

suspension.  j    /r  t  xi. 

The  surface  sewage-water  is  then  merely  decanted  ott  by  the  opening 
«f  the  sluices?— Exactly  so.  The  grosser  matter  has  to  be  removed 
either  by  hand  labour  alone,  or  in  combination  with  large  bodies  of  water 

flushed  out.  .     .    ^,  •    i     •  .  j 

What  from  your  own  experience  and  observation  in  this  district,  ao 
.you  consider  the  efi-ect  of  ponding  up  the  sewage  by  the  intermittent 
system  of  drainage  That  it  requires  that  storage  room  should  be 

provided  not  only  for  the  ordinary  amount  of  sewage  collected  during 
the  six  or  seven  hours  that  the  outlets  are  closed,  but  for  the  extraordi- 
nary falls  of  rain  which  sometimes  occur  during  high  water   ^.  Ihis 
storage  room  is  obtained  in  the  most  expensive  manner  by  making  pro- 
longed reservoirs,  thereby  making  the  most  extravagant  use  ^^^^l'^^' 
3.  That  the  sewage,  instead  of  bemg  got  r.d  ^^^'^f  ^^'^'^ 
street  as  rapidlv  as  it  is  generated,  is  retained  to  the  detriment  of  hea  th 
and  comfort.    4.  That  during  this  detention  the  j^rosser  particles  are 
deposited  and  accumulate  at  such  a  rate  as  to  require  constant  manua 
fabour  for  the  expulsion  of  the  deposit.    5.  That  the  discharge  into  the 
rivei  can  take  place  only  at  the  most  objectionable  time,  nameh,  at  or 
near  low  water,  when  the  return  of  the  tide  carries  the  sewage  up  th 
Ter  instead  o  carrying  it  away.    G.  That  the  limited  tall  is  made  still 
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less  by  tlie  necessarily  large  size  of  the  sewers,  and  the  great  length  to  Mr.  Grant. 
M'hich  such  main  lines  must  extend.    7.  That  the  sewers  require  expen- 
sive  adjuncts  in  the  shape  of  side-entrances,  flushing  and  ventilating 
gratings,  the  cost  of  which,  added  to  the  constant  expense  of  cleansing, 
makes  it  a  very  expensive  mode  of  drainage.. 

What  is  the  nature  of  the  inclinations  of  the  present  main  lines  of 
sewer  in  the  Surrey  and  Kent  district? — In  many  cases  they  are  on  a 
dead  level  for  considerable  lengths.  An  inclination  of  about  3  feet  per 
mile  may  be  taken  as  an  average  on  the  main  lines.  The  fall  is  so 
trifling-  that  the  flushing- men  are  in  the  habit  of  turning  the  water  in 
either  direction  in  some  of  the  sewers. 

Of  course  such  inclinations  are  quite  inconsistent  with  a  proper  dis- 
charge of  the  sewage  ? — They  are;  even  if  the  outlets  were  constantly 
open  the  sewage  would  not  pass  off  with  sufficient  speed  to  prevent  deposit. 

What  upon  this  intermittent  system  of  drainage  would  be  the  addi- 
tional quantity  of  water  required  to  raise  and  carry  away  all  the  matter 
deposited  during  the  interruption  of  the  first  flow  from  tlie  house-drains, 
and  from  the  branch  pipe-sewers  which  drain  blocks  of  houses  ? — No 
additional  quantity  has  been  found  to  do  so  by  any  natural  or  self-acting 
process.  More  or  less  manual  labour,  according  to  the  inclinations  and 
other  circumstances,  has  to  be  employed  in  conjunction  with  the  force 
of  water,  to  keep  such  sewers  at  all  iii  working  order. 

The  additional  supply  of  water  required  in  the  intermittent  or  sewer 
reservoir  system  of  drainage  must  be  sent  in  by  pumpina;,  or  derived 
from  reservoirs  or  new  water-works  ?— By  one  or  other  of  tliese  means. 

It  follows,  then,  from  the  facts  observed— does  it  not  ?— that  by 
pumping  at  the  lower  level,  so  as  to  lift  the  sewer  water  and  continue 
the  flow,  less  water  and  less  pumping  will  be  required  than  will  be 
necessary  at  the  upper  end  and  on  the  intermittent  svstem  of  drainao-e 
and  to  remove  the  matter  deposited  in  consequence  of  the  interruption 
of  the  flow  ? — It  does. 

It  is  then  only  a  question  of  a  larger  or  smaller  amount  of  pumpina:? 

— i'recisely  so  in  the  case  assumed. 

And  the  least  demand  for  water  would  be  by  a  tubular  system  with 

direct  pumpmg?— It  would  ;  with  the  additional  advantage  of 'continuous 
flow.  ° 

If  the  house-drains  keep  quite  clear,  the  junctions,  a  priori,  will  keep 
hemselves  clear?— Yes;  a  very  important  point  to  be  attended  to  in 
lajmg  out  drainage  is  to  unite  the  streams  and  concentrate  their  flow 
as  much  as  possible. 

Then  as  far  as  house-drains  are  concerned,  can  you  contemplate 
tne  want  ot  any  additional  supplies  of  water  to  keep  them  clean  ?-With 
a  complete  tubular  system  of  drainage,  I  believe  the  present  supply,  pro- 
perly  delivered  and  distributed,  to  be  sufficient  for  drainage  puioses 

Accordmg  to  al  your  experience,  any  system  of  house-drains,  union 

'^^^  collects  the  deposit,  is  faulty  in  con^ 
struction?- Yes;  the  processes  of  flushing  or  cleansino-  and  ventilation 
are  the  necessary  attendants  only  of  a  faulty  svstem  of  drainage. 

At  present  there  is  constantly  a  large  amount  of  evaporatin-  surface 
of  decomposing  refuse  in  the  block  before  referred  to  ?-There  is ;  many 
ot  the  cesspools  are  close  to  and  immediately  under  the  houses.  Some 

stao^'  ulir/'"'        ''''  '""^  ^^'^^  °^^ers  close  to 

Stagnant  ditches  of  the  most  ofiensive  character. 
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Tubular  Drainage  in  Westminster. 


Mr.jirant.  Jt  is  stated  that  the  block  of  houses  at  Westminster  already  drained 
with  pipes  keep  themselves  clean ;  thus  where  this  plan  is  adopted  in 
connection  with  a  supply  of  water  no  matter  of  course  remains  to  decom- 
pose V — It  passes  oil"  immediately  it  is  generated. 

You  examined,  some  months  ago,  the  drainage  of  the  Cloisters  of 
Westminster  Abbey,  by  order  of  the  late  Metropolitan  Commissioners  of 
Sewers  :  what  was  the  result  of  your  examination  ? — I  examined  every 
inlet  on  the  surface,  whether  closet,  sink,  or  rain-water  pipe,  and  ex- 
amined the  outlets  into  the  main  sewers  under  ;  and  I  found  them  all 
perfect.  The  pipes  at  the  outlet  were  as  clean  as  when  first  put  in 
some  seven  or  eight  months  before. 

And  that  would  be  provided  with  probably  one-third  the  water  now 
supplied  ?— I  believe  so.  There  was  a  large  tank,  from  which  one  length 
of  the  pipes  could  be  flushed  at  pleasure ;  but  it  did  not  seem  ever  to 
have  been  required,  the  water  ordinarily  coming  from  the  houses  being 
sufficient  to  keep  the  drains  always  clean. 

Were  the  residents  in  the  Cloisters  satisfied  as  to  the  efficiency  of  the 
drains?— Most  perfectly  so.  The  Very  Rev.  the  Dean  and  the  occu- 
pants of  every  house  expressed  themselves  i)leased  with  the  improvement 
the  new  drainage  had  effected. 

Whilst  under  a  system  of  constant  supply  of  water,  combined  with  a 
system  of  tubular  back  drainage,  there  would  be  the  saving  of  probably 
half  the  water  now  used you  were  directed  to  estimate  from  survey 
what  would  be  the  saving  in  constructing  the  drainage  adapted  for  thus 
economising  of  power  and  water  ;  distinguishing  from  the  cost  of  back 
tubular  drains  the  expense  of  tubular  drains  through  each  house  into  the 
street;  and  also  setting  forth  the  cost  of  brick  drains  and  sewers  on  the 
system  pursued  previous  to  the  investigation  of  the  Metropolitan  Sanitary 
Commission  ;  stating  also  the  frictional  area  of  each  ? — I  was.  ^ 

You  have  made  these  by  measurement,  &c.,  on  the  plans  ? — \  es. 

Give  in  the  plans  from  which  you  estimated  the  comparative  cost  of 
back  and  front  drainage  and  water  supply  ?~The  plans  were  made 
chiefly  to  show  by  comparison  the  relative  merits  of  back  and  front 
drainage,  but  they  as  clearly  illustrate  the  economy  of  laying  the  water- 
pipes  at  the  back  instead  of  through  each  house. 

State  the  comparative  results  of  the  several  blocks  ?  — 

In  one  block  of  44  houses,—  ,  ^  ^ ,  r  . 

The  length  of  drains  by  back  drainage  was  1544  leet. 
Length  by  separate  drainage,         feet.  n  i 

Cost  (exclusive  of  pans,  traps,  and  water  in  both  cases)  ot  back 

drainage,  83Z.  125.,  or  \l.  18..  per  house.  ,^7 
Cost  of  separate  tubular  drainage,  467/.  9^.  6rf.,  or  10/.  12..  Qd. 

Co^t'of  separate  brick  drains,  910/.  19..,  or  20/.  14..  U.  per  house. 

In  another  block  of  23  houses,— 

The  length  of  back  drains  was  783  feet. 

Of  separate  drains,  1437  feet.  17  ino  ,w 

The  cost  of  back  tubular  drains,  45/.  12..  6^?.,  or  1/.  19..  Bd.  per 

OftpTi^ate  tubular  drains,  131/.  13..  6rf.  or  5/  14..  Qd  per  house. 
Of  separate  brick  drains,  305/.  7...  or  13/.  5..  Gc/.  per  house. 
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In  another  block  of  46  houses, —  Mr.jGrant. 
The  length  of  back  drainage  1143  feet. 
Ditto  by  separate  ditto,  1892  feet. 

The  cost  of  back  tubular  drainage,  66^.  6s.  2d.,  or  II.  Ss.  9|c?.  per 
house. 

Ditto  of  separate  ditto  ditto,  178/.  19^.  Be?.,  or  3/.  \  ^s.  lOd.  per  house- 
Ditto  of  separate  brick  ditto,  390/.  4*.,  or  8/.  9^.  8c?.  per  house. 
In  a  fourth  block  of  46  houses, — 

The  length  of  back  drains  985  feet. 
Ditto  of  separate  ditto,  2913  feet. 

Cost  of  back  tubular  drainage,  66/.  8,?.  2cZ.,  or  1/.  8^.  \  Ohd.  per  house. 
Ditto  of  separate  ditto  ditto,  262/.  \\s.  *]d.,  or  5/.  14*.  2d.  per  house. 
Ditto  of  separate  brick  ditto,  614/.  ICs.  3d.,  or  13/.  7*.  ^Id.  per  house. 

Have  you  made  arrangements  for  subsoil  drainage  as  well  as  for  reliev- 
ing the  surface  of  its  water? — Yes. 

Will  you  describe  the  nature  of  that  arrangement? — It  is  simply  to 
lay  agricultural  tiles,  varying  in  size  from  \\  to  4  inches,  immediately 
under  the  other  drains,  in  some  cases  over;  and  draining  into  the  exist- 
ing large  brick  sewers. 

What  would  be  the  additional  expense  per  house  of  this  ? — The  cost 
averages  4*.  2d.  per  house  in  Bermondsey,  and  4*.  4|c/.  per  house  in 
another  large  block. 

What  would  be  the  expense  per  house  of  water-supply,  drainage,  and 
subsoil  drainage? — These,  including  a  dust-bin  to  each  house  and  new 
closets  where  required,  average  6/.  15*.  per  house  ;  to  pay  off  the  prin- 
cipal and  interest  of  which  in  thirty  years  would  require  8*.  per  annum, 
or  Ife/.  per  week. 

Have  you  a  good  outfall  for  this  block?— The  best  existing  outfall  is 
the  main  Duffield  sewer,  5  feet  in  diameter,  the  invert  of  which  is  about 
3  feet  above  the  level  of  low  water. 

What  size  would  the  whole  drainage  area  be  ?— About  350  acres 
might  conveniently  at  a  future  time  drain  into  the  same  point. 

Then  this  block  being  formed,  you  can  lead  either  to  a  lower  artificial 
outfall  than  is  at  present  provided,  or  to  an  overflow,  which  may  be  se- 
lected ? — Yes,  to  either. 

And  this  process  may  be  carried  out  irrespective  of  any  plan  of  drain- 
age as  to  the  main  outfall  ?— It  may  be  carried  out  at  once  without  wait- 
ing for  the  settlement  of  that  question. 

Do  you  consider  the  present  a  sufficient  and  permanent  outfall?— No, 
but  as  the  best  available. 

Then  you  consider  that  it  is  important  to  determine,  as  soon  as  pos- 
sible, upon  a  better  outfall,  but  that  the  drainage  of  these  wretched  dis- 
tricts may  m  the  mean  time  be  laid  and  their  condition  improved  without 
delay  ? — Certamly. 

Are  there  not  many  such  districts  in  which  this  might  be  done?— 
Yes ;  many. 

What  is  chiefly  the  class  of  houses  here  ?-About  one-half  of  the 
whole  number  do  not  exceed  15/.  per  annum,  and  only  71  out  of  1317. 

With  one-third  the  length  of  pipes  by  back-draina-e,  will  there  not 
on  account  of  the  mcreased  force  of  the  water,  be  less  than  one-third 
xne  chances  of  stoppages,  consequently  less  than  one-third  of  the  annov- 
anccs  irom  the  intrusion  of  workmen  to  open  drains  V— There  will 
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Ventilation  of  Sewers. 


Mr^int.  With  regard  to  the  objection  which  has  been  made  to  back-drainage, 
that,  in  case  of  stoppages  in  the  house-drains,  one  tenant  suffering  annoy- 
ance is  at  the  mercy  of  another  ou  whose  premises  the  obstacle  niav 
exist,  although  it  may  not  inconvenience  the  latter,  do  you  believe  it 
possible  to  avoid  this  difficulty  ? — Yes  ;  if  the  Commissioners  of  Sewers 
took  entire  control  over  house-drains  as  well  as  mains,  1  have  no  doubt 
they  would  find  respectable  persons  who  would  contract  to  keep  in 
working  order  the  house-drains  of  a  district  for  6d.  per  house  per  annum. 

Have  you  in  the  course  of  your  ordinary  duties,  examining  into  com- 
plaints of  imperfect  drainage,  frequent  complaints  of  bad  smells  from 
house-drains  passing  under  the  floors? — Very  frequently,  as  well  as  of 
the  damp  created. 

Is  it  not  a  common  remark  of  the  complainants  that  these  smells  are 
worst  "  when  the  water  is  on,"  or  "  on  water-days  ?" — It  is. 

What  is  the  cost  of  flushing  the  old  system  of  sewers? — This  varies 
very  much  in  different  districts,  being  highest  in  the  Surrey  and  Kent 
district.  As  far  as  I  can  approximately  ascertain  it,  it  amounts  to  about 
2*.  3d.  to  2s.  6d.  per  house  per  annum  in  the  Surrey  and  Kent  district, 
that  is,  including  wages  and  works  necessary  for  such  purposes.  This, 
however,  would  be  most  materially  increased  if  ihe  same  system  of  brick 
sewers  were  extended  into  every  street.  The  many  houses  which  do  not 
communicate  with  the  present  sewers  reduce  the  average  cost  of  flushing 
per  house  for  the  smaller  number  which  do  communicate. 

What  are  the  expenses  other  than  wages? — The  cost  of  flushing- 
gates,  penstocks,  side-entrances,  ventilating  gratings,  and  the  cost  oi 
digging  down  to  and  breaking  holes  into  the  sewers  at  frequent  mtervals, 
where  there  are  no  side-entrances  or  casting-holes,  and  making  good 
such  breaches. 

Were  not  attempts  made  to  ventilate  one  of  the  sewers  last  summer, 
and  what  was  the  result? — Several  attempts  have  been  made,  the  las: 
by  means  of  the  steam-jet,  and  also  by  passing  the  air  of  the  sewer 
through  a  furnace  into  a  factory-chimney.  The  steam-jet  will  ventilate 
a  certain  length  of  sewer,  if  it  be  ever  so  foul ;  and,  for  a  special  pur- 
pose, might  be  a  useful  means  of  preventing  danger.  By  the  factory- 
chimney  there  was  a  constant  and  sensible  draught  kept  up,  which 
would,  I  believe,  justify  the  cost  of  making  a  connection  with  such  of 
the  present  main  sewers  as  were  near  tall  chimneys,  at  least  as  a  sup- 
plementary means  of  ventilation. 

Would  not  the  connexion  of  the  rain-water  pipes  of  houses  be  eff'ective 
in  ventilating  the  sewers?— Yes ;  I  have  connected  them  in  a  few  cases 
where  their  heads  were  not  close  to  or  under  bedroom  windows. 

Have  you  provided  means  of  ventilation  for  the  tubular  systems  laid 
out  by  you  ?— No  ;  I  believe  ventilation,  flushing,  and  additional  supplies 
of  water  to  be  necessarv  only  for  an  imperfect  system  of  drainage,  and 
that  the  cost  of  them  would  go  far  towards  executmg  a  complete  and 
perfect  svstem  of  drainage. 

\  block  of  houses  at  New  Peckhara  has  been  referred  to  as  a  case 
which  rec.uired  periodical  flushing.  Can  you  state  the  conditions  under 
which  the  drains  were  laid  down  and  put  in  action  ?— The  drains  were 
put  in  by  the  owner  very  imperfectly,  and  without  water  to  each  closet, 
but  with  a  flushing-tank  to  be  used  occasionally.  One  of  the  branch 
lines,  more  imperfectly  laid  than  the  others,  got  deranged,  but  the  main 
line  remained  clear  and  in  action. 


Mortality  increased  by  use  of  polluted  Water.  143 


Have  you  also  had  occasion  to  examine  the  existing  water-supply  ? —  ifr-Gewt, 

Yes ;  the  district  referred  to  is  chiefly  supplied  by  the  Southwark  and   

Vauxhall  Water  Company. 

It  appears  to  be  admitted  by  the  engineer  of  that  Company  that  not 
above  a  third  of  the  water  pumped  in  is  used,  and  that  full  two-thirds 
are  wasted  ? — Mr.  Quick  has  expressed  a  similar  opinion  to  me,  and  I 
have  no  doubt,  from  ray  own  observation,  of  its  accuracy. 

He  also  stated  that,  from  the  nature  of  the  supply  (being  intermittent) 
and  from  the  construction  of  the  drains,  accumulations  take  place, 
the  drains  become  choked,  and  the  water  runs  over;  does  that  agree 
with  your  observation  ?— It  does.  From  imperfect  pipes  and  ball-cocks, 
and  stand-pipes  for  courts  without  cocks,  there  is  in  the  poorer  districts 
raore  water  wasted  than  is  used ;  in  fact,  it  is  worse  than  wasted,  for  it 
is  the  cause  of  damp,  dilapidation,  disease,  and  injury  wherever  there  is 
not  perfect  drainage  to  carry  off  the  waste  water. 

Have  you  known  of  persons  taking  water  for  domestic  supplies  from 
ditches  m  your  district?— In  Bermondsey  that  is  the  case  with  203 
tarai  .es,  composed  of  865  individuals,  residing  in  152  houses,  chiefly  in 
Jacobs  Island  and  adjoining  the  mill-stream,  which  serves  at  once  as 
an  outlet  for  the  drainage  and  the  means  of  water  supply, 

Did  the  result  of  your  inquiry  from  house  to  house  show  any  difference 
in  the  amount  of  mortality  during  last  summer  among  these  865  indi- 
viduals and  the  other  parts  of  the  block  where  the  inhabitants  were 
supplied  by  the  Water  Company?— It  showed  an  excess  of  37  per  cent, 
over  the  portion  supplied  by  the  Water  Company. 

Have  you  in  other  cases  met  with  excessive  mortality,  which  appeared 
due  lu  any  manner  to  the  nature  of  the  Avater  used  by  the  snfferers  ?— 
Yes;  last  summer,  during  the  prevalence  of  cholera,  I  had  occasion  to 
report  to  the  Metropolitan  Commission  of  Sewers  two  remarkable  cases 
of  excessive  mortality  which  were  in  my  opinion  clearly  traceable  to 
the  contaminated  water  used  by  the  inhabitants. 

th  Jif  "^"'^  l^'  circumstances  in  the  first  case  ?-The  first  case  was 
that  of  a  court  called  Surrey-buildings,  Thomas-street,  Horslevdown 
consisting  of  13  houses,  the  backs  of  which  were  towards  Tru^cott's- 
court,  of  similar  character  and  extent.  In  Surrey-buildings  nine  or  ten 
persons  died  of  cholera  in  five  days,  and  in  Tmscott's-court  not  one! 
In  the  firs  court  the  people  were  supplied  with  water  from  a  well  on 
a  evel  w!  h  the  pavement,  from  which  foul  water  drained  into  and 
po  luted  It ;  the  other  was  supplied  with  pure  water.    This  was  the 

and'wMls  Tn"'"'  '''''''  cliffered,\iamely,  the  water-sui^ply! 

and  whilst  m  one  court  one  or  two  individuals  died  in  every  second 
house,  m  the  other  the  inhabitants  remained  safe.  ^ 

What  was  the  other  case  you  referred  to  ?— That  of  Albion-terrace 
Wandsworth-road,  which  consisted  of  17  houses  of  a  superior  class  'n 
which  some  25  to  30  persons  died  in  the  course  of  10  days.    This  er 
race  was  supplied  by  a  spring  which  passed  through  imperfect  pipes  and 
Tt.       .  '  '"^^  The  water  got  contami.iated  after 

a  heavy  storm  of  ram  in  July,  and  this  frightRil  mortality  occurred 
ZtirZl'''  easy  circumstances,  whilst  Ihe  population' easrani 
hn,  L=  f      x?"f''  l^'^        -^lii^M.    The  waier-pipes  served  the 

these  wereT  exact  HmTt: 
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Mr.  Grant.  In  the  Bcrmondsey  block  what  proportion  of  the  houses  are  euppUed 
by  the  Water  Company  and  from  other  sources? — Of  1317  houses, 
1066  are  supplied  by  the  company  directly,  and  35  more  by  stand-pipes 
used  in  common;  152  by  the  filthy  mill-stream,  56  by  pumps,  and  8 
are  without  any  means. 

What  is  the  average  charge  per  house  for  water? — About  13*.  9d.,  or 
rather  more  than  3tZ.  a-week  per  house. 

How  many  public-houses  may  there  be  in  the  block? — 18,  or  1  for 
every  72^  houses. 

Are  the  houses  damp  or  water -logged  ? — There  are  many  in  Welling- 
ton street  and  Rose-court  which  have  water  standing  under  the  floor  and 
sometimes  over  it.  The  occupants  pump  it  out  when  it  gets  over  the 
floor. 

Where  do  the  tanners  and  other  manufacturers  get  their  supply  of 
water  from  ? — Some  from  the  tidal  stream,  and  others  partly  from  the 
Water  Company. 

Has  the  character  of  the  water  in  the  mill-stream  and  ditches  in  the 
neighbourhood  at  all  changed  of  late  years  ? — it  has  of  late  years  become 
much  polluted  from  the  increase  of  houses,  the  drainage  of  which  falls 
into  these  ditches.  Some  seven  or  eight  years  ago  hardly  any  of  the 
houses  were  supplied  by  the  Water  Company  ;  but  about  four  years  ago 
a  great  many  of  the  landlords  had  water  laid  on  to  their  properties. 

What  is  the  amount  of  poor's  rate  collected  in  the  parish  ? — This  year 
it  is  Ss,  2d.  in  the  pound,  and  I  believe  amounts  to  about  18,000/. 
What  other  rates  are  paid  ? — 

Improvement  rate  for  lighting,  paving,    s.  d. 

and  scavenging        .       .        .    1    6  in  the  pound. 
Sewers-rate         .        •        .  .08 
Church-rate,  about       .        .  ,02 
Poor-rate  (as  before)    .        •  .32 

Total,  about     .  .56 

The  water-charge  adds  about  \0d.  more. 

What  is  the  distance  between  fire-plugs  ?— From  60  to  80  yards. 

How  often  are  the  inhabitants  supplied  with  water?— For  a  portion 
of  every  day  excepting  Sundays. 

Could  the  polluted  mill-stream  be  entirely  got  rid  of  at  present? — 
Apart  from  the  opposition  offered  by  the  reputed  owner  to  any  inter- 
ference with  it,  the  stream  could  not  be  filled  in  until  other  means  of 
drainage  were  provided. 

Could  it  be  got  rid  of  if  these  works  were  executed? — It  could  be 
either  filled  up  or  kept  constantly  cleansed ;  the  inhabitants  would  no 
lon"-er  be  dependent  on  it  for  either  water  or  drainage. 

Have  you  met  with  instances  of  families  being  indebted  to  public- 
houses  for  their  supply  of  water ?~I  have,  in  Bermondsey;  also  in 
another  district  in  the  neighbourhood  of  Old  Kent-road;  and  in  a 
number  of  houses  at  Battersea-fields.  This  practice  was  till  lately 
much  more  common  than  it  is  at  present;  the  publicans  in  poor  districts 
paid  a  very  high  water-rate  to  the  Company,  owing  to  the  large  quantity 
used  by  them  in  the  practice  of  selling  about  a  thimbleful  o(  gui  and  a 
pail  of  water  for  a  halfpenny.    The  practice  is  by  no  means  extinct  now. 
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Have  you  not  estimates  for  carrying  a  supply  of  water  into  eacli  Mr.^ant. 
house  ? — Yes ;  a  constant  supply  into  each  house  and  closet  in  the  district. 

By  what  means,  and  at  what  cost?— By.  a  tank  elevated  at  a  height  of 
35  to  40  feet,  and  at  a  cost  to  each  house  for  the  tank  of  13*.,  for  the 
pipes,  &c.,  29*.    Total  average  per  house,  42*. 

Are  you  aware  of  any  houses  in  that  neighbourhood  already  supplied 
on  the  constant  system? — Yes;  there  is  a  small  block  of  eight  or  ten 
houses  in  Eose-court  which  are  supplied  by  one  tank,  and  have  a  tap  in 
each  house.  The  tenants  expressed  themselves  to  me  highly  pleased 
Avith  it. 

Do  you  think  the  same  advantage  would  follow  over  the  whole 
district"? — It  would,  as  a  matter  of  course. 

What,  according  to  your  estimate,  would  be  the  expense  of  service- 
pipes  for  carrying  in  water  for  a  constant  supply  ? — I  have  already  given 
the  estimated  cost  of  the  apparatus  for  water  supply  in  one  block;  in 
another,  the'  average  cost  per  house  is,  for  the  tank,  17s. ;  for  the  pipes 
and  cocks,  26*. :  total,  43*.  per  house.  In  another,  50*.,  including 
tank,  which  would,  however,  supply  as  many  more  houses,  and  reduce 
the  cost  to  37*.  6c?.  per  house.  In  another,  it  amounts  to  30*.  6d.  per 
house,  including  tank,  which  only  amounts  to  7*.  6d.  per  house  total 
cost.  In  another  case,  where  the  whole  of  the  pipes,  mains  and 
branches,  would  require  to  be  laid,  there  being  none  at  present,  and 
where,  from  its  peculiar  situation,  a  constant  supply  may  be  given 
without  a  tank,  the  total  cost  would  be  45*.  per  house.  This,  however, 
includes  a  large  number  of  stables  and  several  workshops  attached  to  the 
dwelling-houses.  All  these  estimates  are  made  at  prices  for  which  a 
single  house  may  be  at  present  done. 

Besides  the  erpense,  will  there  not  be  the  objection  to  the  mode  of 
delivery  by  tank  resulting  from  the  consequent  exposure  of  the  water  ? — 
The  tank  would  be  covered,  and  the  water  constantly  changing.  But  if 
the  general  supply  of  water  were  constant,  or  the  Water  Company  would 
consent  to  supply  this  district  on  the  constant  principle,  the  tank  would 
not  be  required,  and  its  cost — 850/.,  or  13*.  a  house — might  be  saved. 

Then  the  cost  of  this  tank  is  to  be  incurred  with  the  view  of  not 
delaying  the  question  of  drainage  till  the  settlement  of  the  question  as  " 
to  a  general  system  of  constant  water  supply? — Entirely  witJi  that 
view. 

But  still  the  air  would  not  be  excluded  from  the  tank? — It  would  not. 

If  you  had  to  put  a  separate  tank  to  each  of  all  these  houses,  what 
would  be  the  expense? — To  afford  the  same  advantages,  about  four  times 
as  much. 

What  size  of  mains  are  proposed  for  these  houses? — There  is  already 
a  main  water-pipe  in  every  street.  Their  size  varies  from  3  to  12 
inches. 

What  size  would  the  tank  be  ?— It  would  hold  3000  cubic  feet,  or  H 
cubic  feet  to  each  house.  But  the  supply  would  be  rendered  constant 
and  unlimited  ;  the  tank  acting  as  a  standpipe  and  reservoir  in  case  of 
repairs  being  required  to  the  main  pipes. 

How  many  houses  would  that  supply? — 1317  in  the  first  instance, 
and  more  eventually  if  required. 

Apart  from  the  expense  of  the  tank,  what  would  be  the  expense  per 
house  for  water  apparatus  ? — Twenty-nine  shillings. 

['^•]  L 
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It  is  presumed  that  you  give  your  estimates  at  such  prices  as  you 
believe  the  contracts  might  now  be  obtained  for? — I  have  in  everything, 
both  for  labour  and  materials,  allowed  the  present  prices  given  for  small 
works,  and  would  undertake  to  get  twenty  respectable  men  of  capital  to 
undertake  the  execution  of  the  works  in  the  most  complete  manner  for 
the  estimated  cost,  and  that  without  competition. 

You  stated  a  saving  in  length  by  back  drainage,  apart  from  its  other 
advantages,  to  be  at  least  one-half.  What  would  be  the  saving  of  sup- 
plying water  de  novo  at  the  back? — The  saving  in  length  would  be 
about  the  same,  and  the  cost  of  laying  the  pipes  from  the  front  would, 
on  an  average,  be  fully  double  the  cost  required  to  take  them  at  the 
back ;  in  many  cases  more. 

Would  there  not  be  a  probable  gain  to  the  tenant  if  the  water-pipes 
were  laid  under  the  same  contract  with  the  drains? — The  same  trench 
would  serve  in  most  cases  for  both,  and  thereby  cause  a  saving  as  well 
as  in  the  cost  of  relaying  the  paving. 

Besides  the  Bermondsey  block  of  drainage  you  have  laid  out  water- 
supplies  and  drainage  at  the  back  in  other  blocks  ? — Yes,  in  four  or  five 
other  blocks. 

In  what  proportion  of  cases  in  these  other  blocks  did  you  find  it 
necessary  to  carry  water  distributary  apparatus  and  drains  through  the 
houses? — In  one  case  of  51  houses,  another  of  226  houses,  and  a  third 
of  270,  there  was  not  one  house  in  which  the  water-pipes  or  drains  had 
to  be  carried  through  the  house.  In  a  small  block  of  35  houses  2  houses 
would  be  passed  through.  In  another  of  124  houses,  the  piping  would 
be  carried  through  4  houses. 

For  all  these  results,  then,  for  an  improved  domestic  water  supply, 
and  for  an  improved  mode  of  cleansing,  you  calculate  that  not  only  could 
no  additional  supply  of  water  be  wanted,  but  that  scarcely  one-half 
would  be  wanted? — On  a  better  system  one-half  the  quantity  at  present 
supplied  to  each  house  by  the  Southwark  and  Vauxhall  Water  Company 
would  amply  serve  for  the  domestic  supply  and  keeping  clean  a  proper 
system  of  tubular  drainage.  At  present  that  company  pumps  into  the 
district  a  quantity  considerably  more  than  equal  to  100  gallons  daily 
to  each  house,  and  the  total  rainfall  upon  the  area,  united. 

From  the  disuse  of  separate  ball-cocks  and  tanks,  is  there  any  doubt 
that  the  quality  of  the  water  would  be  greatly  improved  ? — I  have  no 
doubt  of  it. 

Supposing  the  water  to  be  delivered  cool,  would  there  not  be  less 
decomposition  in  the  matter  carried  away  ? — There  would  ;  but  with  a 
perfect  system  of  drainage  there  would  be  no  time  given  for  the  process 
of  decomposition  to  take  place,  at  least  upon  the  premises. 

Since  the  plans  have  been  carried  out  at  the  Cloisters  of  Westminster, 
is  it  not  stated  that  there  have  been  no  smells  from  the  drains? — Such 
was  the  result  of  my  examination  made  from  house  to  house ;  and  also 
that  fever,  which  had  previously  prevailed,  had  ceased. 

Can  you  tell  what  the  present  water-rent  is  additional  per  house,  and 
over  the  whole  district  of  which  you  havie  formerly  spoken  ?— The  total 
revenue  is  763/.  12s.  6</.,  being  about  4^  per  cent,  of  the  gross  rental. 
The  annual  charge  is  3*.  fid  per  room,  with  a  deduction  to  a  landlord 
farming  it  of  20  per  cent.  . 

Do  vou  find  this  about  the  average  water-rate  m  other  parts  ot  your 
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district  ? — In  several  districts  which  I  have  carefully  examined,  the  Mr.  Grant, 
water-rate  varies  from  4^-  to  54  per  cent,  on  the  gross  rental.  — 

Do  you  not  consider  it  equally  desirable,  for  the  sake  of  the  tenant  as 
well  as  for  the  care  of  the  general  apparatus,  that  the  service-pipes  should 
be  under  one  and  the  same  inspection? — I  do.  The  chief  obstacle  I 
believe,  to  the  water  companies  giving  a  constant  supply  of  water  is,  that 
at  present  there  is  no  security  for  the  soundness  of  the  supply-pipes  and 
water-cocks ;  and  the  waste  consequent  upon  this  obliges  them  to  shut 
off  one  part  of  the  district  whilst  they  are  supplying  another. 

Would  it  be  practicable  not  only  to  get  this  done,  but  also  to  <ret  it 
kept  HI  order  for  a  certain  number  of  years?— Perfectly  practicable"! 

Would  it  not  be  practicable  to  have  the  main  drains  and  water-pipes 
looked  after  by  the  same  person  who  superintended  the  water  ?— It  would. 

Will  you  look  to  this  examination  of  W.  C.  Mylne,  Esq.  ?  

[Extract  from  the  Examination  of  W.  C.  Myhie,  Esq.,  C.E.] 
"  Were  you  consulted  as  an  engineer  on  a  plan  for  supplyine;  Paris  with 
water?- Yes,  I  was,  m  1817  and  in  1823  :  I  am  still  engaged  upon  that 

"  In  the  plan  you  have  proposed,  did  it  not  form  a  part  that  the  tenant's 
commumcation-pipes  should  be  provided  and  laid  down  by  the  companv  as 
an  essential  part  of  the  works  of  distribution  ?-Yes,  I  considered  it  the 
most  desirable  that  it  should  do  so. 

Jiy.  '\  state  the  advantages  to  the  tenant  or  the  public  that  were 
proposed  hom  that  part  of  the  plans  over  the  common  method,  leaving 
every  unmformed  occupier  or  ottmer  to  the  necessity  of  emplovina  aseoaratl 
plumber  to  complete  as  he  might  that  part  of  the  geneiKaf  hiSy 
In  the  first  placp  It  would  effect  a  considerable  saving  of  capital  :  in  the 
next  place,  it  would  be  done  on  principle  and  in  a  superior  manne k  The 
trading  plumber  has  no  motive  to  carry  out  improvemenls,  two  lengths  of 
pipe  may  be  put  w-here  one  would  serve.  As  an  example  of  the  impime- 
IT''^  ^"t^^'^^^^^  detail,  I  had  intended  to  introduce  lead 
pipes,  with  screvv-joints,  similar  to  those  used  in  wrought-iron  pipes  The 

2tlv  the'nluin'h ^""T        ^^^y  ^"^^^1^  htve  supe?2de-d  com- 
pletely the  plumber's  joint ;  and  neither  the  plumber,  nor  his  irons  fire 
adk  nor  labour  were  necessary,  and  an  expense  of      e/pei  W  wS 
^llLL™"  '^^"^'^         economised  the  machinery  fo^ 

"This  portion  of  the  machinery  being  laid  down  by  the  comn^nv  wis 

^.  teS^^n  ?L    ,    charge  for  it  a  rental  ?-It  „as  proposed  to  eharge 
inteicst  on  the  extra  amount  ot  outlay  as  a  rental.  ^ 
same  genVrarot,'e'r.'l'l  '^°"'"'»"i«»li<>°-pip»s  mould  have  been  under  the 

s^;i!;r.;\&;te' s^ipueT""^^  "'"-"-'^  ^^-^^ 

resr^Tctt  Z"^'^       <he  extent  of  probable  advantage  to  the  public  in 

"it       r'he"ar*e,'  V-!LlV°'  ""^  '^  '° 

Without  rpf..^!      !  arrnes,  makes  his  repairs  in  his  own  way,  which  is 

I-crencJ  n?  ^"^  ^'""^'"^  Two-thirds  of  the  labour,  on  the 

be  rendctl 

.  i.naei  a  ^^enci!  system,  by  which,  on  such  an  occurrence,  the 
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Mr.  Grant,  inconvenience  may  be  remedied  at  once.  The  advantaf^e  of  having  the 
tenants'  communication-pipes  placed  under  one  general  system  would  have 
been,  that  they  would  have  been  so  laid  down  at  first  as  to  have  avoided 
many  of  the  incidental  injuries  which  they  are  liable  to  from  frost  and  acci- 
dental circumstances,  as  well  as  being  placed  where  they  could  readily 
.  be  repaired. 

"  In  the  case  of  a  company  undertaking  to  lay  down  these  pipes,  would 
not  the  repair  of  them  form  part  of  the  general  charge,  and  be  added  to  the 
rent  ? — Yes  ;  frequently  an  accident  occurs  towards  the  end  of  the  tenant's 
term  of  occupation  in  the  premises,  and  the  cost  of  repairing  it  may  be 
equal  to  his  quarter's  rent.  Being  a  tenant  at  will,  or  near  the  termination 
of  his  lease,  he  says,  '  I  may  be  turned  out  shortly  ;  it  is  not  worth  my 
while  to  undertake  it and  it  is  left  undone  if  within  his  premises. 

*'  Increased  dilapidation  must  be  the  consequence  ?— Of  course :  that 
naturally  results. 

"  In  that  plan,  then,  you  assumed  as  a  principle  that  the  tenants  must 
be  relieved  of  the  immediate  outlay,  and  the  expense  be  spread  over  a  period 
and  collected  as  a  rent  ?— Yes,  certainly.  This  was  the  more  necessary  at 
Paris,  where  the  dwellings  are  extensively  occupied  in  flats  (as  at  Edin- 
burgh and  Glasgow,  and  in  several  other  towns)  as  distinct  tenements. 
Each  fiat  would  be  held  for  various  periods,  some  of  the  nature  of  tenancies 
at  will,  some  of  them  of  the  nature  of  leasehold,  and  under  every  descrip- 
tion of  interest  and  period  of  occupation.  Of  course,  the  parties  having 
short  intervals  would  not  undertake  the  immediate  expense  of  the  outlay 
for  the  permanent  improvement,  nor  would  the  persons  in  the  lower  apart- 
ments pay  for  the  repairs  in  any  lower  part  of  the  building  necessary  for 
the  supply  of  anv  upper  apartment.  ... 

"  Did  the  plan  of  comprehending  the  tenants'  commumcation-pipes  and 
the  whole  machinery  under  one  general  system  offer  any  advantages  in 
respect  to  economv  and  sufficiency  in  laying  down  the  iron  pipes  ?— In  a 
new  town  there  woidd  often  be  much  public  economy  in  laying  pipes  on 
both  sides  instead  of  in  the  centre  of  the  streets;  there  would  be  the  saving 
of  lead  pipes,  the  saving  of  repairs  to  these  lead  pipes,  the  avoidance  of 
the  inconvenience  and  expense  of  breaking  up  the  roads  for  that  purpose, 
the  saving  of  the  inconvenience  to  the  tenants  in  the  event  of  frosts,  from 
there  being  less  of  their  smaller  pipes  exposed.  In  a  street  of  CO  feet 
wide  the  saving  of  lead  pipe  would  be  about  20  feet  in  each  tenant;  that 
is  if  the  street  is  built  upon  each  side  there  would  be  40  feet  of  leaden  pipe 
saved  in  a  house  frontage  of  (say)  20  feet;  therefore  20  feet  of  iron  extra 
would  avoid  the  use  of  40  feet  of  lead. 

"  In  carrying  the  water  up  the  higher  houses,  would  you  not  have  in- 
troduced iron  pipes?— We  should  have  introduced  iron  wherever  we  could. 
At  that  time,  when  lead  was  very  dear,  I  contemplated  the  use  of  tinned 

^'"wm^you  state  whether  you  agree  with  him  as  regards  economy  to  the 

^^'itflaW-'down  house-drains,  what  proportion  of  the  expense  does 
the  cost  of^Dipes  bear  to  the  other  outlay  ?— The  cost  of  pipes  is  at  pre- 
sent about  one-half  of  the  whole.  ,  ,  .  -  ^,  l,„f„,nfPr 
Do  you  agree  that,  as  has  been  stated,  the  pipes  for  the  supply  of  watei 
should  be  laid  lower  than  at  present,  for  the  sake  of  cookess  and  preserv- 
ing the  water  at  a  middling  temperature  ?-I  do.  It  is  a  point  of  great 
imnortance  which  has  not  always  been  attended  to. 
T,esTappear  to  you  that  the  water  can  be  carried  into  the  premises 
of  fhe  poo^  :  ei'ption  of  tenements,  or  indeed  of  any  class,  by  service- 
pipes  on  the  constant  system  of  supply,  and  earned  away  from  them  by 
^Tste  or  drain  pipes,  it"  the  work  is  to  be  dependent  on  the  separate 
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efforts  of  individual  householders,  or  by  requiring  immediate  outlays,  or  Mr.  Grant, 
by  any  other  system  than  by  common  contracts  and  repayment  by  annual 
instalments  of  principal  and  interest  over  periods  of  time? — It  does  not; 
the  most  string-ent  legislative  enactment  -  would  never  effect  these 
improvements  if  the  cost  were  to  be  paid  in  one  sum.  It  would,  in 
many  cases,  be  most  unjust ;  but  it  is,  in  the  majority,  a  simple  • 
impossibility. 

From  your  interviews  with  owners  and  occupiers,  do  you  doubt  the 
practicability  of  carrying  out  improved  works  of  water-supply,  drainage, 
and  cleansing  by  means  of  distributive  charges? — I  do  not;  so  far 
from  its  being  impracticable,  and  considered  so  by  owners  or  occupiers 
of  houses,  one  instance  will  suffice  to  show.  At  the  present  time  I  am 
in  communication  with  two  parties  in  the  district,  large  proprietors  of 
house  property,  who  are  anxious  to  carry  out  works  of  improved  drainage, 
but  who  will  not  undertake  them  if  they  are  to  pay  down  the  cost  of 
these  works  in  one  sum  ;  but,  if  the  charges  are  distributed  over  a 
period  of  years,  they  would  at  once,  and  cheerfully,  carry  them  out. 

With  respect  to  the  purity  of  the  river  water,  under  what  circum- 
stances could  the  sewage  pass  into  the  Thames  with  the  least  amount 
of  pollution  to  its  waters  near  the  metropolis? — At  high  water,  when  it 
would  be  permanently  removed  below  the  point  of  discharge  a  distance 
equal  to  the  difference  of  ebb  and  flow. 

If  discharged  at  low  water,  at  what  distance  below  the  metropolis 
must  the  outlet  be  to  prevent  the  sewage  being  sent  into  the  metropolis  ? 
— A  distance  at  least  equal  to  the  space  traversed  by  the  flood-tide : 
probably  from  7  to  10  miles  below  the  lowest  part  of  the  metropolis. 

What  proportion  of  the  Surrey  and  Kent  district  is  under  Trinity 
high-water  marK? — About  9  out  of  27  square  miles. 

The  low-lying  part  embraces  the  oldest  and  most  densely-built 
portion  ? — It  does. 

With  sewers  5  feet  in  height,  having  outlets  at  the  level  of  low-water 
mark,  what  is  the  greatest  amount  of  fall  which  can  be  obtained  in  this 
flat  district? — The  crown  of  the  sewer  being  at  least  4  feet  under  the 
surface  of  the  ground,  where  on  a  level  with  high-water  mark,  the  fall 
would  be  about  9  feet,  which,  if  divided  over  3  miles,  would  give  3  feet 
per  mile. 

When  heavy  rains  fall,  do  the  present  main  sewers  carry  them  off 
during  the  five  or  six  hours  that  the  outlets  can  be  kept  open? — No; 
it  takes  four  or  five  days,  or  from  eight  to  ten  tides,  to  reduce  the  ruu 
of  water  in  the  Duffield  to  its  ordinary  amount  after  a  heavy  fall  of 
rain. 

Is  there  not  a  vast  amount  of  animal  matter  passes  through  the 
sewers  ?— Yes.  After  the  Friar-street  was  cleansed,  large  masses,  like 
bolsters,  of  the  entrails  of  horses  and  sheep,  clotted  together  and  in  a 
state  of  putrefaction,  were  sent  into  the  Thames.  These  were  the  refuse 
of  the  knackers'  yards,  catgut  manufactories,  and  slaughter-houses. 

What  is  the  distance  between  the  conduit-pipe  of  the  South  Lambeth 
Water-works  and  the  outlet  gf  the  nearest  sewer?— The  conduit-pipe, 
by  which  their  well  is  supplied  from  the  Thames  at  all  states  of  the 
tide,  is  immediately  below  the  south  end  of  Hungerford  Bridge;  and 
the  outlet  of  one  of  the  large  sewers  is  close  to  the  south  end  of  Waterloo 
Bridge.    The  distance  between  is  about  200  yards. 
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Mr.  E.  Cresy,  Jan.,  examined. 

Are  you  not  Assistant-surveyor  in  tlie  Sewers'  Office?— Yes, 

Were  you  not  instructed  by  the  Works  Committee  of  thc'sewers' 
Commission  to  examme  the  house-drains  of  a  block  of  houses  at 
Hanway-yard  ?— I  had  the  honour  to  be  nominated  by  minute  of  Com- 
mittee, in  September  last. 

Was  not  that  block  of  houses  characterized  from  the  houses  being 
placed  more  back  to  back  than  usual,  and  their  having  no  back  yards? 
—The  annexed  very  beautiful  and  correct  detailed  plan  of  the  locality 
m  question,  prepared  by  Assistant-surveyor  Smith,  exhibits  in  the  best 
manner  the  nature  of  the  distribution  of  the  houses,  and  their  situation 
with  respect  to  each  other ;  those  in  Hanway-street  may  be  specially 
cited  as  instances  of  this  very  pernicious  custom. 

Did  not  the  Committee  propose  the  abolition  of  cesspools,  and  the 
substitution  of  a  soil-pan  apparatus?— I  was  particularlv  instructed  by 
the  Committee  to  report  upon  these  points,  and  indeed  no  system  of 
house  drainage  can  be  considered  at  all  complete -which  does  not  include 
these  requisites. 

What  was  the  amount  of  evaporative  surface  of  the  cesspools  and 
house-drains  you  found  upon  the  spot  ? — From  the  crowded  nature  of 
site  it  was  particularly  difficult  to  discover  the  situation  and  extent  nf 
these  receptacles,  otherwise  than  by  that  unerring  guide  the  sense  of 
smell ;  in  many  cases  when  the  premises  were  characterized  by  a 
powerful  effluvia,  the  inhabitants  avowed  their  ignorance  of  the  "ex- 
istence of  any  cesspool,  and  assured  me,  that  if  such  were  the  case,  it 
could  not  have  been  emptied  for  upwards  of  ten  years.  From  a-house- 
to-house  visitation  made  for  the  purpose  of  ascertaining  the  fact,  I 
deduced  an  approximate  extent  of  about  8,500  superficial  feet  or  about 
^th  of  an  acre  for  the  drains  and  cesspools  over  the  whole  area  of  nine 
acres,  but  in  a  long  inhabited  site  of  the  kind  under  consideration,  the 
■whole  soil  becomes  charged  with  decomposing  animal  matter,  and  for 
in  sanitary  purposes,  presents  an  area  of  a  considerably  greater  extent 
than  can  possibly  be  ascertained  by  the  direct  measurement  of  cesspools 
and  drains. 

Did  you  find  it  practicable  to  carry  the  drainage  into  the  interior  of 
this  block  of  houses  with  the  attainment  of  the  advantages  usually  ex- 
pected from  back  drainage? — The  projected  drainage  shown  on  the 
plan  by  red  lines,  will  best  answer  the  question,  especially  if  the  eye  be 
carried  at  the  same  time  to  the  accompanying  sections.  The  site,  it 
maybe  observed,  is  pecuUarly  favourable  for  the  development  of  the 
principles  of  sanitary  engineering  in  their  most  extensive  and  complete 
application ;  the  block  forming  a  square  island  "  insula,"  as  the 
Romans  would  call  it,  with  a  good  sewer  running  on  each  side,  having 
sufficient  fall,  and  at  a  most  convenient  depth.  Although  the  instances 
of  defective  construction  mentioned  above  are  comparatively  nu- 
merous, it  will  be  remembered  in  how  few  instances  it  is  necessary 
to  take  the  lines  of  drainage  under  the  houses,  and  with  what  facihty 
the  conveyance  of  the  several  house-drains  is  effected,  so  as  to  secure 
the  greatest  possible  amount  of  acceleration  to  the  flow  ;  here  the  whole 
flow  of  the  282  iiouses  is  brought  down  to  outlets,  hence  the  amount 
must  be  nearly  constant,  and  from  the  inclination  given  to  the  drains^ 


Mr.  Cresy, 
inn. 
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a  stoppage  becomes  next  to  impossible,  provided  always,  that  the  inlets  Mr-Cre 
are  properly  trapped.  In  stating  thus  much  with  regard  to  the  block  : — 
nnder  consideration,  no  personal  credit  is  intended  to  be  assumed,  on 
the  contrary,  the  whole  of  the  excellencies  cited  are  to  be  ascribed 
to  the  development  of  principle  so  perfect  in  itself,  and  so  strictly  m 
accordance  with  physical  laws,  as  to  ensure  a  certain  amount  of  success, 
even  in  the  hands  of  the  unskilful,  although  capable  of  perfection, 
directly  in  proportion  to  the  skill  emiiloyed  in  its  adaptation. 

Of  the  work  proposed,  what  proportion  would  the  earth  work  bear  to 
the  rest? — About  one-sixth  of  the  total  cost. 

For  the  action  of  the  soil-pans,  it  was  proposed  to  carry  the  water 
to  the  interior  of  this  block  of  houses,  what  would  be  the  expense  in 
earth  worker  otherwise,  of  laying-  down  the  water  apparatus  separately? 
— The  advantages  of  united  works  under  one  superintendence  are  so 
numerous  and  so  great,  that  considerable  difficulty  exists  in  accurately 
estimating  the  precise  money  amount,  the  sum  of  the  two  estimated 
separately,  so  much  exceeds  their  value  taken  conjointly,  as  to  cause 
the  estimater  frequently  to  discredit  his  own  results.  In  every  locality 
the  ratio  would  vary.  In  the  case  of  the  property  now  under  con- 
sideration, the  mains  are  laid  in  all  the  streets;  but  supposing  ihtichole 
tvork  to  be  commenced  de  novo,  we  should  have  7  yards  cube  to  each 
house,  and  3,154  yards  to  the  mains;  to  which  must  -be  added  700"* 
yards  super,  of  paving,  and  a  10  per  cent,  for  superintendence  and 
contingencies,  thus 

£.   s.  d. 

282  houses  at  7  yards  each  Is.  \d  106  IS  6 

Mains  3,154  yards  at.  \s.\d  170  16  10 

700  yarr's  sup.  paving        Is.  &d  52  10  10 


330    6  2 

Add  10  per  cent   33    0  7 

Total    ....      £  363   6  9 

Giving  an  excess  of  363?.  &s.  9d.  for  the  cost  of  mains,  supplies, 
junctions,  fittings,  &c.  may  be  taken  as  the  same  in  either  case. 

What  have  yon  found  to  be  the  net  gain  by  the  combination  of  the 
two  systems  of  works? — Hence  we  may  consider  that  sum  to  represent 
the  net  gain  by  their  combination. 

Supposing  them  to  be  laid  down  and  maintained  in  good  action  and 
repair  for  a  term  of  years,  what  would  be  the  expense  of  the  complete 
distributory  water  apparatus,  and  of  the  house-drainage  apparatus,  and 
what  would  be  the  expense  of  the  two  combined,  as  compared  with  the 
existing  expense  of  cleansing  cesspools  or  keeping  common  house- 
drains  in  order,  supposing  the  cesspools  to  be  cleansed  and  the  common 
drain  to  be  kept  properly  in  order? — I  can  but  answer  to  these  queries 
by  putting  in  the  estimates  for  the  several  works  mentioned,  subject  to 
some  observations,  the  whole  question  of  estimates  being  here  involved. 
Even  in  the  most  ordinary  descriptions  of  work,  great  differences  of 
opinion  invariably  are  found  among  those  skilful  in  the  art  of  esti- 
mating, the  value  of  raw  materials,  are  constantly  fluctuating ;  and 
although  the  average  price  of  labour  has  not  recently  been  subject  to 
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Mr.  Cresy,  much  variation,  its  quality  must  now  be  taken  into  account,  there  being 
at  the  present  time,  as  many  descriptions  of  labour  as  there  are  of 
material.  Hence,  one  of  the  sources  of  discrepancy,  observable  be- 
tween several  contractors'  estimates  for  the  same  work.  The  prices 
given  in  the  accompanying  estimates,  would  by  a  small  contractor, 
about  to  execute  the  works  for  a  dozen  houses,  be  considered  quite 
unremunerative.  One  in  a  large  way  of  business  contracting  for  560 
or  1,000  houses,  would  probably  estimate  considerably  below  these 
figures.  I  have  endeavoured  to  pursue  a  middle  course,  relying  where 
they  would  serve  me,  on  the  schedules  of  the  Commissioners,  jobbing 
contractors,  and  for  such  items  as  are  not  therein  contained,  on  my  own 
former  experience  in  private  practice.  The  Board  of  Health  would 
render  an  immense  service  to  the  science  of  sanitary  engineering  by 
collecting  and  publishing  detailed  estimates  of  as  many  executed  works 
as  possible,  both  in  the  metropolis  and  the  towns  under  its  jurisdiction, 
as  well  as  the  prices  of  materials,  as  drain-pipes,  gas-pipe,  &c.  An 
efficient  check  would  be  established  on  the  contractors,  and  far  greater 
accuracy  in  the  estimates  would  be  attainable. 

From  what  you  know  of  the  metropolis,  would  not  this  be  as  diffi- 
cult a  block  of  houses  as  could  occur,  for  combining  drainage  and 
water  supply  under  one  and  the  same  management  ? — Undoubtedly  ; 
a  glance  at  the  plan  will  demonstrate  this.  Nevertheless,  the  system 
of  combined  drainage  will  be  seen  to  be  perfectly  practicable,'  the 
cases  in  which  the  lines  pass  under  houses  are  very  rare,  and  even 
there,  but  little  inconvenience  to  the  inhabitants  would  be  occasioned, 
as  the  back  premises  would  alone  be  traversed,  and  this  would  be  more 
than  compensated  by  the  immense  advantage  of  a  combined  flow. 

When  the  inhabitants  understood  the  nature  of  the  object  in  view, 
do  you  think  that  any  reasonable  difficulty  need  be  apprehended  in  their 
allowing  an  officer  of  the  Commission  to  come  to  the  back  of  the 
houses  from  time  to  time  to  clear  obstructions,  and  keep  the  apparatus 
in  good  order  ? — Having  inspected  a  number  of  these  houses  myself 
and  conversed  with  the  inmates,  I  am  enabled  to  state  that  they  are  all 
perfectly  sensible  of  the  advantages  to  be  derived  from  the  proposed 
measures,  and  most  desirous,  that  as  little  delay  as  possible  should 
occur  in  putting  them  into  execution.  1  may  add,  that  in  all  the  in- 
spections I  have  made,  every  facihty  has  been  afforded  me,,  and  all 
opposition  has  vanished  before  an  explanation  of  the  nature  and  extent 
of  my  inquiry. 

Might  such  a  block  as  the  Hanway-street  block  be  drained  irrespec- 
tive of  any  question  as  to  the  general  drainage  of  the  metropolis  ? — 
Most  unquestionably ;  the  outfolls  for  that  block  are  already  provided 
bv  existin"-  sewers,  and  the  whole  operation  thereby  involved  is  com- 
pletely independent  of  all  other  considerations. 

"What  have  you  observed  to  be  the  result  of  the  system  of  laying 
down  main  lines  irrespective  of  house-drainage  and  vice  versa  ? — No 
practical  general  result  can  be  obtained  from  so  doing ;  the  whole  sys- 
tem must'exist  in  the  mind  of  the  engineer  as  a  whole,  otherwise  he 
pursues  his  course  blindly,  to  his  own  discredit  and  the  great  pecuniary 
injury  of  his  employer.  , 

"Supposing  an  order  given  to  execute  the  work,  within  what  time 
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could  the  same  be  completed ?— If  sufficient  strength  were  employed  MnCresy, 
to  carry  on  the  whole  simultaneously,  in  from  six  weeks  to  two  months.  — 

What  is  your  view  of  the  practicability  of  carrying  out  the  work  by 
the  system  of  compulsory  orders  served  on  the  occupiers  of  the  several 
premises? — I  should  imagine,  from  the  experience  I  have  had  under 
the  Commissioners  as  well  as  in  private  practice,  that  such  a  mode 
would  be  utterly  impracticable.  One  man  would  be  likely  to  begin,  his 
next  neighbour  would  demur  ;  another  would,  as  I  have  actually  found 
to  be  the  case,  request  to  delay  the  works  until  he  could  communicate 
with  his  landlord  in  the  West  Indies. 

If  the  drains  are  properly  laid,  would  there  be  any  accession  soever 
for  additional  supplies  for  flushing  purposes? — None  whatever;  the 
flow  being  constant,  no  deposit  can  possibly  take  place. 

What  will  be  the  expense  of  the  combined  apparatus  per  house, 
under  the  old  system,  under  the  intermittent  system,  and  under  the 
constant  system,  respectively  ? — 


Old  system, 
brick-drains, 
and  intermit- 
tent water 
supply. 

Tubular 
drains, 
intermittent 
supply. 

Constant 
supply  by 
contract 
under 
Commission. 

House-drains  and  repairs  *     •  « 
Water-closet  apparatus    .     .  . 

Total  .     .  £ 

£.    s.  d. 

6  7  0 
4  15  2 
2    6  10 
0  15  0 

7  19  2 

£.    «.  d. 

3  4  7 
1    1  8 
1  10  0 
0  10  0 

4  19  1 

£.  s.  d. 

1  19  8 

0  10  8 

1  0  6 
0    7  6 
0  19  3 

22    3  2 

115  4 

4  17  7 

This  table  exhibits  the  cost  of  draining,  putting  up  water-closet  appa- 
ratus, kitchen-sink  yard-drain,  and  supplying  water  to  a  small  house, 
under,  1st.  The  old  system,  with  nine-inch  brick-drains,  lead  cistern, 
Yorkshire  stone  sink,  patent  valve  closet  and  its  apparatus.  2nd.  The 
modern  system,  with  intermittent  supply,  slate  cistern,  stoneware  sink, 
syphon-trapped  closet,  supposing  the  whole  executed  by  a  builder,  for 
a  single  house.  3rd.  The  most  economical  plan,  with  the  constant 
supply,  requiring  no  cistern,  and  supposing  a  large  number  to  be  con- 
tracted for  at  once  under  the  Metropolitan  Commission. 

In  the  Hanway-yard  block  what  provision  have  you  made  for  sub- 
soil-drainage ? — From  that  block  being  situated  on  comparatively  high 
ground,  with  a  good  deep  sewer  in  Oxford-street  and  Tottenham  Court- 
road,  carrying  off  all  the  upper  drainage,  it  has  been  considered  unne- 
cessary to  make  any  special  provision  for  subsoil-drainage.  In  situa- 
tions where  this  is  required  it  is  easily  obtained  by  the  use  of  pervious 
drain-tiles  made  of  red  earthenware  and  unglazed. 

Within  what  period  of  time  would  any  mailer  be  completely  removed 
from  the  site  in  question  by  the  action  of  the  drains  you  propose  ? — From 
the  great  acceleration  of  the  flow  induced  by  the  concentrated  back- 
drainage,  I  calculate  that  barely  more  than  a  minute  would  elapse, 
under  ordinary  circumstances,  from  the  moment  drainage  matter  enters 
the  longest  line  till  the  moment  it  quits  it. 
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What  district  of  the  Metropolitan  Commission  is  specially  uijfler 
your  charge?— The  eastern  division  of  the  Surrey  and  Kent  district 
comprising  part  of  Bermondsey,  Rotherhitlie,  Deptford,  Greenwich 
Camberwell,  Peckham,  Diilvvich,  Forest  Hill,  Sydenham,  Lee  and 
Levvisham. 

Do  you  find  in  that  district  any  of  the  water  supplied  to  the  houses 
to  escape  in  waste?— A  very  large  proportion;  we  have  had  no  accu- 
rate gaugings  taken,  but  noticing  the  time  during  whicii  the  water  is 
on,  the  bore  of  the  supply  pipes,  and  the  capacity  of  the  cisterns  and 
vessels  provided  for  its  reception,  I  should  say  that  from  two-fifths  to 
one-half  the  quantity  supplied  is  in  many  cases  wasted. 

_  What  is  the  effect  of  this  on  the  sites  of  habitations  ?— A  most  per- 
nicious one ;  the  wet  soaks  the  whole  of  the  soil,  and  has  no  means 
of  escape,  the  subsoil  being  water-logged  twice  in  twenty-four  hours 
by  the  tide,  and  from  the  great  portion  of  the  district  lying  so  remark- 
ably low-,  it  can  only  drain  off  for  an  hour  before  and  an  hour  after  low 
water. 

Do  you  know  of  any  other  means  of  relieving  this  district  than  by 
pumping? — In  the  present  state  of  science  the  engineer  has  generally 
the  choice  of  several  alternatives,  but  in  this  case  he  is  so  sti'aightened 
as  to  have  practically  no  choice  at  all.  Either  he  must  depress  the  out- 
fall, which  would  be  neither  more  nor  less  than  lowering  the  bed  of  the 
Thames,  or  he  must  raise  the  district,  burying  the  habitations  one 
story,  or  he  must  have  recourse  to  pumps.  The  whole  Surrey  and 
Kent  district  is,  in  fact,  one  vast  "  poldre,"  to  use  a  Flemish  term. 

What  do  you  find  to  be  the  expense  incurred  in  removing  by  hand 
labour  the  deposit  in  the  sewers  after  it  has  once  been  suffered  to  accu- 
mulate ? — Under  tlie  Commission  the  cost  varies  with  the  nature  and 
dimensions  of  the  sewers  from  which  it  has  been  removed,  but  the  book 
price  for  emptying  and  carting  night-soil  is  Qs.  Qd.  per  ton  of  18  cubic 
feet. 

Have  5'Ou  not  in  your  experience  found  streets  with  a  capacious 
sewer  and  few  or  no  houses  draining  into  it,  and,  on  the  other  hand, 
house-drains  laid  down  before  any  sewer  is  provided? — Frequently.  I 
must  acknowledge  to  have  superintended  such  arrangemenls  myself  in 
private  practice,  although  I  fully  confess  the  error  of  such  a  cause. 
But  clients  are  sometimes  deaf  to  the  remonstrances  of  the  architect, 
and  in  default  of  any  permanent  authority,  the  voice  of  interest  can 
alone  make  itself  heard.  At  the  same  time  it  must  be  stated  that  the 
legal  difficulties  and  impediments  to  a  scientific  combination  of  main 
and  house-drainage  are  so  great,  that  a  proprietor  must  have  the  wealth 
of  Croesus  and  the  patience  of  Job,  if  he  attempts  to  carry  it  out  single- 
handed,  although  no  practical  difficulty  exists. 

Do  you  find  the  four-inch  tubular  drains  keep  themselves  clean  ? — 
Whenever  an  opportunity  for  opening  and  examining  them  has  occurred 
we  have  found  them  perfectly  clean.  Whenever  a  stoppage  lias  taken 
place  it  has  invariably  arisen  either  from  their  not  having  a  sufficient 
fall,  or  from  the  access  to  them  not  being  sufficiently  protected.  In 
my  own  residence  the  whole  drainage  passes  through  a  three-inch  pipe, 
and  I  have  hitherto  experienced  no  inconvenience. 

Do  you  find  the  junctions  keep  themselves  clean  ? — Perfectly  so.  Of 
course  I  speak  of  those  made  with  an  easy  curve ;  where  they  are  at  right 
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angles  they  frequently  become  obstructed;  but  under  the  Commissioa  xsr-jOwwsw 
we  never  suffer  thenn  to  be  used. 

You  were  instructed  by  the  Commissioners  to  examine  and  classify 
the  plans  for  the  drainage  of  the  metropolis,  did  any  of  ihem  make  back- 
drainage  a  main  feature  of  their  projects? — So  far  as  I  at  present  re- 
member, none  of  ihem ;  some  may  have  introduced  the  subject  inci- 
dentally in  their  memorials,  but  had  it  constituted  a  main  element  im 
their  plans,  I  should  have  retained  a  distinct  recollection  of  it,  havin^g 
been  anxious  in  examining  them  carefully  to  select  any  striking  pomt 
as  a  characteristic  of  the  individual  scheme. 

Did  the  competitors  agpear  to  deviate  from  the  old  practice  of  drain- 
ing down  the  centres  of  the  streets? — I  think  none  of  them;  certainly 
the  fijreat  mass  of  the  plans  was  entirely  upon  the  old  system. 

What,  in  your  opinion,  would  in  general  be  the  additional  expense 
■  to  the  tenants  incurred  thereby  ? — Of  course  I  can  only  reply  to  this 
question  in  a  general  manner,  but  should  say  that  I  have  known  in- 
stances of  various  kinds  in  which  the  excess  of  expenditure  would  wry 
from  35  per  cent,  up  to  250  per  cent.,  or  twice  and  a  half  as  much. 

Did  the  competitors  require  additional  supplies  of  water  ?— The  gr>ea£ 
bulk  of  them  did. 

Did  any  schemes  imply  a  combined  system  of  water  supply  an^ 
house-drainage  ? — Most  of  them  appeared  to  consider  the  water  supply  . 
as  of  equal  importance  with  the  drainage  questions;  but  they  did  not 
go  into  any  detail  on  the  subject,  contenting  themselves  generally  witfei 
indicating  the  source  of  water  supply,  and  the  meclianical  means  for 
raising  it. 

Did  these  schemes  appear  to  evince  a  knowledge  of  the  effects  of 
concentrated  housj-drainage  in  reducing  the  size  of  main  lines  and  the 
superfluous  dimensions  of  the  present  sewers? — So  far  as  the  intemai 
evidence  of  the  plans  themselves  goes,  to  which  alone  I  am  enabled  to 
speak,  I  can  safely  say  that  they  did  not.  Of  course  it  is  distinctiy 
understood  that  I  speak  solely  of  the  plans,  and  am  not  in  any  Avaj 
pronouncing  upon  the  information  possessed  by  the  authors  on  these 
points. 

Did  you  find  any  extensive  advance  upon  the  system  which  has 
hitherto  regulated  the  metropolitan  drainage? — No.  Of  course  the 
proposals  of  many  were  on  a  much  larger  scale  than  anything  hitherto 
done,  but  I  think  I  may  safely  say  that  no  principle  remarkable  for  ks 
novelty  in  an  engineering  point  of  view  is  to  be  found  among  thesa. 
I  do  not  mean  that  neither  ingenuity  nor  merit  is  to  be  found  there, 
but  that  no  new  scientific  principle  is  advanced  by  them,  nor  any  novel 
practical  application  of  an  existing  principle;  hence  I  cannot  say  thaifc 
any  advance  upon  existing  systems  has  been  made,  or  rather  there  bein:g 
at  present  nothing  deserving  the  name  of  a  system,  that  a  scientific 
basis  for  one  has  been  created  by  the  competition. 

Were  the  competitors  men  of  extensive  practice  ? — Among  so  large 
a  number  many  well-known  names  are  to  be  found,  but  not  those  wh® 
are  considered  as  our  principal  engineers,  and  the  greater  portion  were, 
comparatively  speaking,  unknown  to  fame ;  there  were  some,  indeeci, 
who  were  not  engineers  at  all. 
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Mr.  Edward  Gotlo  examined. 

1.  Are  you  not  assistant  engineer  to  the  Metropolitan  Commissioners 
of  Sewers  ? — I  am  surveyor  to  tliat  Commission. 

2.  Before  you  entered  into  their  service  had  you  had  much  experience 
of  house-drainage  and  tubular  drainage? — I  had,  as  town  surveyor 
of  Dover,  in  Kent. 

3.  Since  you  have  been  in  the  service  of  the  Commission  have  you 
had  further  experience  therein? — Yes,  [and  have  devoted  a  great  deal  of 
attention  to  it. 

4.  Have  you  also  laid  down  drains  at  Doverj  and  seen  much  of  other 
drains? — Yes,  and,  generally  speaking,  I  have  seen  a  great  deal  of 
tubular  drainage  in  action. 

5.  Is  your  extent  of  observation  of  tubular  house-drainage  so  wide 
that  you  think  its  success  complete  with  regard  to  houses  of  different 
conditions  ? — My  experience  of  the  action  of  tubular  pipe-drainage  em- 
braces a  great  variety  of  cases  and  circumstances,  and  I  am  satisfied  as 
to  its  complete  success  when  properly  laid,  with  a  constant  supply  of 
water,  and  of  its  superiority  over  brick  drains. 

6.  Not  only  theoretically  but  practically  ? — Yes ;  that  is  to  say,  my 
observations  have  been  quite  sufficient  to  lead  me  to  conclude  that 
tubular  house-drains,  properly  constructed,  and  with  a  sufficient  do- 
mestic supply  of  water,  will  keep  themselves  clean.  My  opinion  is,  that 
the  domestic  supply  of  water  need  not  for  this  purpose  be  increased 
beyond  its  present  amount  in  ordinary  cases,  but  this  opinion  pre- 
supposes tiiat  every  house  had  a  skilfully  devised  water-supply,  efficiently 
connected  under  improved  arrangements  with  the  house-drains.  A 
large  proportion  of  the  existing  supply  runs  to  waste,  frequently  causing 
dampness  to  the  premises,  without  affording  any  benefit  to  the  drains. 

7.  You  have  had  occasion  to  prepare  plans  for  blocks  of  houses  at 
Goulston- street,  Whitechapel ;  Church-lane  and  Carrier-street,  St. 
Giles's;  and  Jennings-buildings,  Kensington?^ — Yes,  as  surveyor  to  the 
Metropolitan  Commissioners  of  Sewers. 

8.  What  was  the  size  of  the  block  of  houses  you  laid  down  at  Goul- 
ston-street  ? — About  9  acres. 

9.  What  size  house-drains  did  you  propose? — The  private  house- 
drains  were  proposed  to  be  4  inches  in  diameter,  the  houses  being  of  the 
smaller  class. 

10.  What  is  the  smallest  inclination  you  would  allow  in  these  pipes 
to  keep  themselves  clean? — 2  inches  in  10  feet,  or  1  in  60,  and  as 
much  more  as  could  be  procured ;  but  with  an  inclination  of  1  in  60 
they  would  keep  themselves  clear. 

11.  At  that  inclination  what  length  of  time  would  it  take  for  a  4-inch 
pipe  to  discharge  a  day's  supply  of  water;  say  100  gallons  ?---If  this 
quantity  of  water  were  already  in  a  cistern  of  the  ordinary  elevation,  and 
the  4-inch  pipe  communicating  therewith,  ihe  water  would  be  discharged 
in  about  two  minutes  after  the  pipes  were  full :  the  time  the  drain  would 
take  to  fill,  would  of  course  be  in  proportion  to  its  length,  and  the 
velocity  of  the  water  would  depend  also  upon  the  pressure  given  by  the 
elevation  of  the  cistern.  But  under  a  system  of  constant  supply,  the 
water-pipes  being  always  full  and  under  pressure,  the  day's  supply 
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would,  if  given  all  at  one  time,  pass  away  as  fast  as  it  was  so  given,  Mr.Gotto. 
the  rate  of  discharge  then  being  according  to  the  size  of  the  supply-pipe, 

12.  Supposing  the  surface-water  to  be  discharged  through  the  house- 
drains,  at  what  rate  would  such  a  pipe  discharge  an  hour  of  the  heaviest 
rain-fall? — In  about  5^  minutes  if  it  were  all  let  off  at  once,  or  about 
10  times  faster  than  the  rain  came  down :  2  inches  in  depth  of  rain  in 
one  hour  falling  upon  tlie  garden,  roof,  and  yard  of  a  house  and  pre- 
mises, 15  feet  in  the  front  and  60  feet  deep,  would  require  a  drain  to 
afford  the  necessary  and  immediate  relief  capable  of  carrying  off  15 
gallons  per  minute,  v.'hereas  a  4-inch  drain,  with  an  inclination  of  1  in 
60,  or  2  inches  in  10  feet,  would  discharge  162  gallons  per  minute, 
if  it  were  kept  full. 

13.  Take  the  Goulston-street  block  of  houses :  what  is  the  largest 
size  of  drain? — Twelve  inches  in  diameter:  tl)ere  are  402  houses,  but 
several  outlets  were  proposed,  so  that  about  50  houses  would,  drain 
through  a  12-inch  pipe. 

14.  As  a  general  proposition,  if  the  house-drains  kept  themselves 
clear,  the  mains  should  likewise  keep  themselves  clear  ? — Yes ;  there  is 
this  greater  reason  for  that,  because,  as  every  house-drain  adds  its  volume 
of  water  to  the  stream  in  the  main  channel,  it  imparts  an  additional 
velocity,  and  these  concentrated  currents  produce  a  scouring  power  in 
due  proportion.  Stoppages  in  tubular  drains  are  usually  discovered 
between  the  main-drain  and  the  house,  and  arise  from  inadequate  and 
improperly  applied  water-supply  and  insecure  inlets.  The  chief  obstacle 
to  be  overcome  in  house-drains  is  not  the  conveying  away  the  liquid 
refuse,  that  is,  the  water-supply  after  it  has  served  its  domestic  purpose, 
for  this  could  be  effected  through  a  discharge  pipe  but  little  larger  than 
the  supply  pipes ;  the  difficulty  is  so  to  secure  the  several  inlets,  namely, 
the  water-closet,  sink,  yard,  and  area  grating,  as  to  prevent  the  passage  of 
solid  matter,  such  as  is  difficult  of  suspension  and  so  of  removal  in  water. 
In  one  instance,  the  pipes  on  being  taken  up  were  found  filled  with  ashes  ; 
in  another,  which  I  examined,  the  stoppage  was  occasioned  by  the  ends  of 
two  pipes  being  placed  about  12  inches  apart  instead  of  joined,  and  the 
intervening  space  roughly  filled  up  with  bricks  on  edge. 

15.  If  you  take  1  in  60  for  house-drains,  what  would  you  have  for  . 
small  branch-drains  that  come  into  the  sewers  ?■ — That  depends  on  a 
variety  of  circumstances,  but,  generally  speaking,  the  inclmation  of  the 
outlet  or  lower  end  of  the  main  sewer-pipes  in  a  well-arranged  system 
of  drainage  should  not  be  less  than  1  in  240,  and  as  much  more  as 
possible ;  but  large  sewers,  which  form  main  lines,  may  be  as  flat  as  1 
in  1000,  or  4  or  5  feet  in  a  mile. 

16.  Then  with  the  concentrated  flow  a  less  inclination  would  suffice  ? 
— This  is  found  practically  the  case.  We  see  it  every  day.  The  addition 
of  more  water  to  the  stream  in  a  sewer  exercises  a  far  greater  influence  on 
the  velocity  than  does  increasing  the  inclination  ;  for  a  circular  sewer- 
pipe  full  at  the  head  will  discharge  four  times  the  quantity  of  water 
discharged  by  the  same  sewer-pipe  half  full  at  the  head  in  the  same 
time;  and  this  last  quantity  will  be  again  four  times  greater  than  that 
discharged  by  the  same  sewer-pipe  quarter-full  at  the  head,  but  if  the 
quantity  of  water  be  not  so  increased  in  the  sewer,  such  a' discharge, 
velocity,  and  scouring  power  as  that  described  above,  cannot  be 
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attained,  even  thouirh  the  inclination  be  increasel  to  any  extent 
Hence,  where  waters  are  gathered  together  in  one  channel,  the  inclination 
becomes  of  secondary  importance  within  certain  limits. 

This  law  is  fulfilled  in  the  abstract  in  open  streams  and  rivers  ;  thev 
are  steep  at  their  source,  and,  us  along  their  course  their  tributaries  pour 
in,  the  inclination  is  in  proportion  diminished  as  the  waters  reach  the 
»utlet. 

The  practical  inferences  to  he  drawn  from  these  data  are — 

1st.  That  the  addition  of  an  equal  quantity  of  Avater  to  a  sewer  will 
impart  very  great  scouring  and  cleansing  power. 

2nd.  That  in  secondary  and  main  sewers  and  pipes,  inclination  is  not 
©f  so  much  consequence  as  it  is  in  house-drains,  where  it  is  more  under 
control,  the  effect  being  produced  in  the  former  by  the  addition  of  the 
collateral  streams. 

Srdly.  That  the  inclination  of  4-inch  house-drains  should  not  be  less 
than  1  in  60 ;  that  of  main  sewer-pipes  not  less  than  1  in  240 ;  and 
that  of  main  lines  may  be  1  in  1000. 

17.  You  carried  all  these  house-drains  from  the  back,  did  you  not, 
where  you  could  ? — Yes ;  these  plans  were  designed  on  that  principle  of 
drainage. 

1,8.  Do  the  smaller  house-drains  keep  themselves  clear,  according-  to 
your  experience,  while  the  larger  one  would  be  choked  ? — They  do  :  in 
very  large  house -drains,  the  water  being  spread  over  a  large  surface,  and 
there  being  but  little  hydraulic  depth,  the  water  has  but  little  power  to 
remove  obstacles  ;  this  is  so  in  tubular  drains,  but  obtains  to  a  still 
greater  extent  in  brick  drains ;  the  reverse  is  the  case  in  contracted 
channels  of  a  tubular  form  and  uniform  bore. 

19.  You  are  aware  that  in  common  drains  there  is  a  great  deal  of 
soakage,  and  a  consequent  loss  of  water? — In  brick  drains  I  have  found 
the  sewage  matter  act  chemically  upon  the  mortar  joint,  so  as  to  produce 
rottenness,  and  the  sewage  soon  penetrates  through  the  bottom.  One 
instance  amongst  many  others  occurred  but  recently,  in  which  I  had 
occasion  to  examine  the  drains  of  the  St.  Marylebone  workhouse, 
where  I  found  a  well  about  8  or  9  feet  below  an  adjoining  brick  drain 
liad  been  contaminated  by  its  contents,  and  had  been  in  consequence 
disused  for  some  years. 

20.  Then  there  will  be  an  economy  in  the  actual  discharge  from  a 
louse  in  this  way,  and  a  concentration  of  force,  if  it  be  sufficient  to  keep 
Bot  only  the  drains  but  the  mains  perfectly  clear  i* — Yes.  There  will 
■fee  required  a  less  quantity  of  water  to  be  supplied  to  a  house  to  keep  its 
drain  clear,  if  that  drain  be  small,  than  if  it  be  large,  and  the  force  of 
the  water  will  be  more  concentrated  and  calculated  to  bear  upon  any 
©bstacle  requiring  to  be  removed,  and  by  judicious  arrangements  these 
streams  may  be  made  to  act  upon  the  flow  in  the  main  channel  so  as  to 
ensure  their  perfect  and  permanent  self-action. 

21.  Then,  in  point  of  fact,  according  to  your  experience,  if  properly 
constructed,  an  additional  supply  beyond  the  present  domestic  supply  of 
water  will  not  be  needed  ? — Not  for  keeping  the  drains  clean  ;  and, 
taking  into  consideration  the  quantity  and  nature  of  the  matter  to  Ijc 
removed  from  houses  by  means  of  drainage,  I  am  confirmed  in  the 
opinion  that  the  average  quantity  of  water  now  found  to  be  supplied  to 
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the  ordinary  class  of  houses  is  sufficient  for  that  pui-pose,  if  judiciously  Mr.Ontto, 
applied.  For  it  is  estimated  by  Bousingault,  and  confirmed  by  Liebig, 
that  each  individual  produces  i  lb.  of  solid  excrement  and  lbs.  of  liquid 
excrement  per  day,  making  H  lbs.,  or  1501b.  of  semi-liquid  refuse  per 
100  individuals  from  the  water-closet.  But  there  is  other  refuse  result- 
ing from  culinary  operations  to  be  conveyed  through  the  drains :  the 
whole  may  be  about  250  lbs.  for  100  persons.  Now  3  gallons  or  half  a 
cubic  foot  of  water  will  carry  off  1  lb.  of  solid  faeces  through  a  6-inch 
pipe  with  an  inclination  of  1  in  10,  and  720  gallons  per  day  would 
suffice  to  remove  the  domestic  refuse  from  a  building  containing  100 
persons,  that  is  about  7  gallons  for  each  person.  It  has  been  stated  by 
water  companies  that  each  person  on  the  average  was  supplied  %Yith  13 
gallons  per  diem,  but  a  number  of  cisterns  gauged  in  St.  Marylebone 
and  Paddington  showed  only  3  gallons  as  having  been  so  supplied. 
(Vide  House  of  Lords  Report,  1840,  on  Water  Supply,  questions  385 
394,486.) 

In  my  opinion,  if  6  gallons  of  water,  or  1  cubic  foot,  for  each  person 
per  diem  were  supplied  and  advantageously  passed  through  properly 
laid  house-drains,  with  a  sufficient  inchnation,  of  well-judo-ed  material's 
and  size,  it  would  suffice  not  only  to  keep  the  drains  clean,%ut  to  carry 
ofi'the  sewage  produced  in  the  houses.  It  is  not  here  intended  to  affirm 
what  quantity  of  water  is  necessary  for  domestic  use,  but  simply  for 
the  purposes  of  efficient  drainage  ;  but  any  additional  quantity  that 
might  be  deemed  requisite  for  baths,  wash-houses,  &c.,  would  be  so 
much  more  benefit  to  the  drains  ;  and  when  it  is  remembered  that  a 
day's  supply  of  water  can  be  carried  off  by  a  4-inch  drain  in  two  minutes 
after  the  pipe  has  become  filled,  as  has  been  alreadv  shown,  there  will  be 
no  question  as  to  the  capability  of  a  4  or  6  inch  house-drain  to  take  off 
the  additional  quantity  supposed  above. 

A  prospective  estimate  of  25  gallons  each  person  per  diem  was  ad- 
vanced in  the  First  Sanitary  Report,  1847,  p.  53.  But  in  my  iudo-ment 
not  more  than  half  that  quantity  would  be  used,  for  under  the  present 
mterinittent  supply  the  water  passing  through  the  house-drains  varies 
from  about  14  to  17  gallons  per  day  per  individual ;  and  considerino-  the 
enormous  waste  mvolvedin  that  defective  system,  which  would  not  L?  the 
case  in  a  system  of  constant  supply,  it  will  be  seen  that  these  observations 
justify  my  opmion.  An  instance  of  the  waste  of  water  under  the  present 
system  may  be  exemplified  by  an  examination  I  have  made  of  the  flow  of 
water  through  a  pipe-sewer  in  Whitechapel.  The  water  is  on  for  about 
1^  hour  each  day.  There  are  about  900  gallons  delivered  into  the  five 
wa.er-butis  that  supply  the  six  houses,  draining  through  a  9-iuch  pine- 
sewer  The  water-butts  hold  together  210  gallons,  and  all  the  rest  runs 
0  waste  ;  540  gallons  of  this  is  found  by  gauging  to  pass  aw^ay  through 
the  drain.  In  another  instance  which  has  come  under  my  notice,  in 
John-street  Edgware-road,  six  houses  having  water-closets  and  cisterns 
are  supphed  by  the  West  Middlesex  Water  Company.  The  cisterns 
topther  contain,  before  the  water  is  newly  turned  on,  696  gallons,  and 
a  t^er  the  water  is  turned  off  and  they  are  full,  1086  gallons;  the  quan- 

tlrval  i  °'^Q«''^^  ^T'"^'  '^T^^  ^^"^^  ^''^  days  of 
Mterval  ,s  396  gallons;  but  on  the  water-day  1188  gallons  passed 

m  two  dajs.    The  average  quantity  of  water  actually  used  in  thi 
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Mr.Gotto.  place  is  about  5  gallons  per  day  for  each  person.    In  Park-place,  St. 

James's,  the  Grand  Junction  Water  Company  supply  nine  houses  (one 
a  large  mansion)  with  water,  and  during  the  hour  of"  su]jply  there 
passes  through  the  12-inch  sewer-pipe  from  these  houses  4320  gallons, 
while  the  quantity  actually  used  per  day  and  passing  through  the  sewer 
when  the  water  is  not  laid  on  is  3660  gallons,  the  quantity  wasted 
being  about  as  much  as  that  used.  It  will  be  perceived  that  economy 
is  out  of  the  question,  and  that  unbounded  extravagance  and  waste 
pervade  the  system. 

22.  In  respect  to  back  drainage,  what  is  the  average  length  of  drain 
per  hovise  compared  with  front  drainage? — About  one-third. 

23.  In  the  Goulston-street  block  of  houses,  what  was  the  average 
distance  gained  by  back  over  front  drainage  per  house,  and  upon  the 
whole  number  of  houses  That  block  of  houses  is  favourable  to  the 
back  drainage,  and  the  average  gain  per  house  by  such  an  arrangement 
over  the  ordinary  plan  of  laying  the  drain  through  each  house  into  the 
main  in  the  sewer-pipe  in  the  street  or  place  would  be  about  35  feet,  and 
the  approximate  saving  in  length  for  the  whole  block  would  be  about 
14,000  feet. 

24.  In  that  instance  did  the  back  drainage  enable  you  to  gain  a 
fall  which  you  could  not  through  the  front? — In  that  instance  the 
advantage  in  improved  inclination  would  be  in  proportion  to  the  length 
of  drain  saved  by  adopting  the  arrangement  of  back  drainage.  For 
instance,  if  the  sewer-pipe  were  in  the  street  9  feet  deep,  the  house- 
drain  passing  from  the  water-closet  at  the  back  through  the  buildmg 
into  the  sewer,  the  length  of  the  house-drain  would  he,  say  45  feet, 
whereas,  if  the  sewer-pipe  passed  along  the  back  close  to  the  water- 
closet  and  other  inlets,  the  length  of  house-drain  would  be  about  10 
feet,  according  to  the  annexed  plan,  and  therefore  the  advantage  m  the 
inclination  is  evident,  and  that  advantage  is  acquired  just  in  the  part 
of  the  system  where  it  is  most  required,  namely,  in  the  smgle  dram,^ 
which  has  to  do  its  own  work  unaided  by  the  combined  force  ol 
other  streams.     There  are,  however,  other  circumstances  under  whicli 
the  foregoing  reasoning  would  not  apply,  as  in  the  main  sewer  in  the 
front  of  a  row  of  houses,  previously  receiving  a  large  amount  of  dram- 
aoe  which,  being  more  than  an  equivalent  for  inclination,  maintains  a 
sufficient  velocity  with  a  less  fall,  passing  the  fronts  of  the  houses  at 
such  a  greater  depth  as  would  afford  a  better  inclination  by  the  longer 
drain  throuo-h  the  house,  than  by  the  shorter  drain  discharguig  at  the 
back  into  the  sewer-pipe,  which  must  rise  more  steeply  on  account  ot 
receivino-  less  drainage,  till  at  the  upper  end  it  migiit  be  but  a  few  feet 

-  only  below  the  surface.  This  will  occur  in  a  great  many  instances ; 
and  leads  to  the  conclusion  that  no  general  rule  can  be  laid  down  for 
back  drainage  that  will  dispense  with  the  exercise  of  judgment  and 
skill  on  the  part  of  well-qualified  officers.        ,  ,       j  i     i  i 

25  How  much  quicker  will  the  refuse  be  discharged  by  back 
drainage  than  by  the  front  ?-The  removal  of  refuse  from  a  house  will 
be  accelerated  both  by  the  shorter  length  of  dram  secured  by  back 
drainage  and  the  improved  inclination  attained  thereby.  It  would  be 
carried  from  the  house  about  four  times  faster  than  it  it  has  to  pass 
through  the  house  into  the  sewer-pipe  in  front. 

26.  Suppose  you  got  an  outfall  for  this  block  of  houses,  and  the  table 
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to  drain  was  equal ;  what  would  be  the  difference  in  point  of  time  MrJGotto. 
with  front  and  back  drainage  ?— The  extra  length  of  drains  required  if 
they  were  to  pass  through  the  houses  1  estimate  at  about  14,000  feet ; 
and  a  day's  supply  of  water  for  402  houses,  at  100  gallons  each,  would 
be  6700  cubic  feet.  This  quantity  would  he  discharged  through  4-inch 
pipes,  laid  at  an  average  inchnation  of  1  in  40,  and  half-full  at  the  head, 
in  about  36  hours ;  but  it  is  to  be  observed,  that  this  total  length  is 
made  up  of  the  several  distinct  lengths  from  each  house,  through  all 
which  the  sewage  would  be  passing  at  the  same  time,  and  therefore  the 
difference  in  point  of  time  can  only  strictly  be  said  to  be  that  required 
for  the  passage  of  the  sewage  from  one  house  through  its  extra  length 
of  house-drain. 

27  and  29.  Will  you  compare  the  frictional  surface  of  back  tubular 
drainage,  not  only  with  front  tubular  drainage  but  with  front  drainage 
on  the  old  plan  by  brick  drains  and  brick  sewers? — To  calculate  the 
frictional  surface  of  the  three  descriptions  of  drainage  set  forth  in  this 
question,  and  give  the  four  comparisons  required,  would  involve  laying 
out  the  several  systems,  and  occupy  myself  and  assistants  many  days.  I 
therefore  confine  the  answer  to  a  single  house,  of  which  there  are  402. 

Assuming  the  average  proportion  of  length  as  in  former  questions  in 
reference  to  this  block,  namely,  as  10  feet  is  to  45  feet,  the  comparative 
frictional  surface  w-ill  be  as  follows  :  — 

Back  drainage,  4-inch  pipes      •        .      126  superficial  feet. 
Front  drainage,  4-inch  pipes     .        .      545  , , 

Ditto,  9-inch  brick  drains        .        .    1272  , , 

28.  To  produce  the  same  effect,  supposing  you  have  the  minimum 
supply  of  water  for  back  drainage,  what  is  the  additional  supply  of 
water  required  to  overcome  the  additional  amount  of  friction  by  front 
drainage? — Confining  the  question  to  the  house-drains,  no  additional 
quantity  of  water  would  in  such  a  case  as  that  assumed  in  the  foregoing 
questions  be  required  to  produce  the  same  effect  in  front  drainage  as  is 
produced  in  back  drainage. 

The  question  requires  much  consideration,  and  the  result  would  vary 
materially  in  every  different  case.  Assuming  all  other  points  of  com- 
parison to  be  similar,  if  the  inclination  be  such  as  is  required  for  house- 
drains,  or  1  in  60,  this  inclination,  together  with  the  minimum  supply  of 
water,  would  generate  an  accelerating  force  by  which  the  sectional  area 
of  the  water  would  be  decreased  through  the  whole  length  of  the  pipe  in 
proportion  to  the  increased  velocity  ;  therefore  the  moving  power  in  the 
lower  end  of  the  pipe  will  be  made  up  by  such  increased  velocity  to  the 
momentum  which  obtains  at  the  upper  end  of  the  pipe,  by  the  increased 
sectional  area  of  the  water,  so  maintaining  nearly  an  uniform  motive 
power  throughout  the  45  feet  of  pipe  required  for  front  drainage  as  it 
would  through  the  10  feet  of  pipe  here  supposed  as  the  length  required 
for  back  drainage:  the  accelerating  force  overcoming  the  additional 
amount  of  friction. 

29.  [See  No.  27.] 

30.  What  would  be  the  total  area  or  evaporating  surface  of  filth  in 
this  block  of  houses,  if,  in  addition  to  cesspools,  there  were  drains  from 
a  l  the  houses  on  the  old  plan  of  brick  drainage  ?— The  same  reasons 
c>l)lige  me  to  confine  this  answer  within  the  limits  of  the  preceding ;  and 
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Mr^tto.  supposing  tlie  whole  length  of  all  the  pipes  to  he  half-full,  or  giving  the 
maximum,  the  result  will  be  thus  : — 

Cesspool  (say  3  ft.  X  3  ft.)    .        .        .      9  feet  superficial. 
Drain,  9-inch  diameter  .        .        .  .34 


31.  What  is  the  arlditional  quantity  of  water  you  estimate  would  be 
required  for  the  Goulston-street  block  of  houses,  to  keep  the  house- 
drains  clear  and  the  sewers  clear,  if  they  were  drained  on  the  old  plan? 
Or  what  would  be  the  gain  in  water  in  this  block  of  houses  by  increasing 
the  speed  as  well  as  lessening  the  friction  ? — I  feel  that  the  experiments 
and  observations  hitherto  made  on  the  quantity  of  water  required  to 
move  bodies  iu  brick  drains  are  not  sufficient  to  justify  niy  giving  a 
very  explicit  answer  to  this  question  ;  but,  comparing  the  4-incli 
pipe-drains  of  a  house  laid  at  1  in  60,  and  10  feet  long,  with  a  9-inch 
"brick  drain  at  an  inclination  of  1  in  40  and  43  feet  long",  as  far  as 
present  experience  justifies  the  comparison,  I  am  of  opinion  it  would 
require  three  times  the  quantity  of  water  to  produce  the  desired  efiect  in 
the  9-inch  brick  drains. 

32.  What  do  you  estimate  the  expense  per  house  of  tubular  front 
drainage  and  back  drainage  ? — Referring  agani  to  the  plan  of  a  house  in 
New  Castle-street,  Whitechapel,  the  estimate  for  back  drainage  (not 
including  the  cost  of  water-supply)  would  be  as  follows,  if  the  pipes 
■were  made  and  the  work  were  done  by  contract  under  the  Commis- 
sioners of  Sewers :  — 


Water-closet  Apparatus  and  Drain. 


Emptying  and  filling  up  the  cesspool  . 
Digging,  tilling  in,    &c.,   for  8-feet 

pipe-drain,  at  Ad.  .... 
Making  good  to  walls  and  floor  of 

water-closet  over  drain,  at  Zd. 
8  feet  run  of  4-inch  pipe,  at  3c?.  . 

Laying  ditto,  at  2d  

Extra  ibr  junction  .  .  .  . 
Fixing  ditto  .  .  .  .  . 
W^ater-closet  apparatus  complete,  with 

stool-cock  .  .  .  .  . 
Fixing  ditto  .  .  .  •  . 
10  per  cent,  for  contingencies  . 


Digging  and  filling-in  for  6  feet  run  of 

4-inch  pipe,  at  Ad. 
Making  good  yard  surface,  6  feet,  at  2>d. 
6  feet  run  of  4-inch  pipe,  at  3d. 


£. 

s. 

d. 

0 

12 

0 

0 

2 

8 

0 

2 

0 

0 

2 

0 

0 

1 

4 

0 

0 

4 

0 

0 

2 

0 

10 

0 

0 

2 

0 

0 

3 

6 

ai7i. 

0 

2 

0 

0 

1 

6 

0 

1 

6 

1  16  0 
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Brought  forward 
Laying  ditto,  at  2d.  . 
Extra  on  junction 
Fixing  ditto 
Double  trap,  with  sink 
Fixing  ditto 

10  per  cent,  for  contingencies 


Kitchen  Sink  and  Drain 

Stoneware  kitchen  sink 
Fixing  ditto  and  making  good 

9  feet  of  2-inch  drain-pipe,  at  2\d. 
Laying  ditto,  at  2d.  . 
Digging  for  ditto,  at  4c?. 
Making  good  paving,  &c.,  at  Sd. 

10  per  cent,  for  contingencies 


It, 

v 

o 

0 

n 
u 

1 

1 

yj 

n 

A 

0 

0 

2 

0 

3 

0 

0 

0 

8 

r\ 
l» 

1 

u 

miji. 

n 
u 

A 

X 

n 

yj 

JL 

u 

0 
yj 

1 
1 

0 

1 

6 

0 

3 

0 

0 

2 

3 

0 

1 

6 

1  16  0 


0  11  2 


0  15  7^ 


Cost  of  hack  draining  one  house,  in- 
cluding water-closet,  and  kitchen 
and  yard  sinks  .... 


£3 


Estimate  for  the  front  tubular  drainage  of  the  same  house  in  this 
block,  exclusive  of  cost  of  water-supply  apparatus,  if  the  pipes  were 
made  and  the  wo^k  were  done  by  contract  under  the  Commissioners  of 
Sewers : — 


Emptying  and  filling  up  cesspool 
Digging  and  filling  in  to  45  feet. of 

4-inch  pipe,  at  Ad. 
Making  good  to  walls  and  floor  of 

water-closet  and  room  of  the  house, 

30  feet,  at  3c/.  .... 
45  feet  of  4-inch  pipe,  at  M. 

Laying  ditto,  at  2d  

Extra  for  junction  .... 

Fixing  ditto  

"Water-closet  apparatus,  with  stool  cock 
Fixing  water-closet  .... 
Relaying  15  yards  of  carriage-way, 

paving,  &c.,  at  1 5.  6c?.  . 
10  per  cent,  for  contingencies  . 

Digging  and  filling  for  8  feet  of  4-inch 
pipe,  at  4rf  

Making  good  yard  surface,  &c.,  8  feet, 
at  3c?  


£. 

0 


5. 
12 


0 
0 
0 
0 
0 


7 

11 
7 
0 
0 


0  10 
0  2 


1 

0 


2 
5 


d. 

0 


0  15  0 


8 
3 
8 
4 
2 
0 
0 

6 
0 


0    2  8 


0    2  0 


4  13  7 
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Mr.Gotto. 


£. 

s. 

d. 

Broujfht  forward 

0 

4 

8 

8  feet  4-inch  pipe,  at  3c?.  . 

0 

2 

0 

Laying  ditto,  at  2c?.  . 

0 

1 

4 

Extra  on  junction  .... 

0 

0 

4 

FixinsT  ditto 

0 

9 

Double  trap,  with  sink 

0 

3 

0 

Fixing  ditto  

0 

0 

8 

10  per  cent,  for  contingencies  . 

0 

1 

3 

Kitchen  sink  and  drain,  as  in  the  last 

estimate 


Cost  of  front  draining  one  house,  in- 
cluding water-closet  and  kitchen 
and  yard  sinks  .... 


£.  s. 
4  13 


£6  2 


d. 
7 


0  13  5 


0  15  7i 


These  estimates  are  only  for  the  works  of  private  improvement,  and 
do  not  include  the  cost  of  the  main  sewer-pipe  in  either  case :  with  this^ 
addition  the  total  estimates  would  be  as  under : — 


Back  Tubular  Drainage. 


14  ft.  6  in.  for  6-inch 
pipe-sewer,  and  mak- 
ing good  to  yard  sur- 
face at  2s.  .    .  . 

Private  house  drain-] 
age  (see  i'oregoing  > 
estimate)     .  . 

Total .... 


£.  s.  d. 
1    9  0 


3    -2  9J 


4  il  9i 


Front  Tubular  Drainage. 


14  ft.  6  in.  frontage 
for  6-inch  pipe-sewer, 
and  making  good 
carriage-way  paving 
at  2s.  iOrf.  .     .  . 

Private  liouse  drain-] 
age   (see  foregoing 
estimate)  . 


•7 


£.  s.  d. 
2    1  1 


6    2  \l 


8  3 


ox. 
-■1 


33.  What  is  the  additional  expense  of  front  drainage  where  it  is 
requisite  to  cut  through  fiooring,  &c.  ? — The  extra  cost  involved  by 
front  drainage  of  cutting  through  the  floor,  and  making  good  the  same  and 
the  carriage-way  in  the  front  of  the  house,  upon  which  these  estimates 
are  founded,  would  be  \l.  Ss.  2d. 

34.  What  is  the  expense  per  house  and  district  upon  the  old  system, 
Avith  brick  drainage  running  through  to  the  front  of  the  house,  with 
brick  sewers  in  the  streets,  &c.  ? — The  expense  for  the  drainage  of  one 
liouse,  with  cesspool  and  brick  drains  into  the  sewers,  I  estimate  thus — 

Digging,  filling,  c&c,  for  50  feet  of  9-inch  drain    £.   s.  d. 

from  sewer  to  cesspool,  and  sink  in  yard,  at  Id. 

per  foot  ....... 

Making  good  floors  and  walls  through  houses,  35 

feet,  at  Ad.  ....... 

Making  good  carriageway-paving,  15  yards,  at 

Is.  Vd  "    .       .16  3 


1    9  2 


0  11  8 


Carried  forward 


3    7  1 
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Brought  forward  .... 

Digging  and  carting  3  cubic  yards  of  earth-  from 
cesspool,  at  3^.  . 

50  feet  run  9-inch  barrel-drain,  at  1*.  4c?.  . 

25  feet  superficial  reduced  brickwork  for  cess- 
pool, at  10/.  As.  per  rod        .       .        .  . 

Riser  and  seat  to  privy  

Brick  trap  in  yard  ...... 

Yorkshire  stone  sink  in  kitchen,  with  bell-trap 
and  pipe  into  drain       .       .       .       .  . 

10  per  cent,  for  contingencies    .       .       .  . 

Cost  of  drainage  of  one  house  under  the  old  plan, 
exclusive  of  main  sewers       .       .       .  . 


This  estimate  does  not  include  the  expense  of  main  brick  sewers,  such 
as  would  formerly  have  been  constructed,  the  whole  expense  for  which, 
in  the  block  of  houses  of  9  acres,  alluded  to  before,  would  be  3755/.,  or 
^l.  85.  Qd.  per  house  for  the  use  of  the  main  sewer  alone.  The  total 
cost  would  be — 

£  s.  d. 

House-drainage        .       .       .       .        .        .    11  16  11 

Main  sewers    .       .       .       .       .       .  .786 

£19    5  5 


35.  What  is  the  gain  in  the  water-power,  and  what  is  the  gain  in  the 
expense  of  drainage? — There  would  be  a  saving  of  about  38,400  gal- 
lons of  water  per  day  on  400  houses,  and  a  gain  on  the  expense  of  drainr 
age  of  about  5680/.  As  to  the  water-supply,  as  I  have  already  stated,. 
6  gallons  for  each  person  per  diem  would  be  sufficient  for  keeping  skil- 
fully-constructed house-drains  clear;  and  supposing  eight  persons  to  each- 
house,  the  average  in  this  block  would  require  48  gallons  per  house; 
while  it  is  my  opinion  150  gallons  would  be  required  to  keep  drains  of" 
such  a  house  clear  if  constructed  of  brick  according  to  the  Metropolitan 
Buildings  Act,  and  as  is  the  case  for  the  most  part  throughout  the  metro^- 
polis  where  any  house-dr^iinage  exists— the  tubular  pipe-drainag'e  sub- 
stituted within  the  last  few  years  being  the  exception  to  (hat  which, 
generally  prevails.  The  detail-estimates  sufficiently  explain  and  justify 
the  gain  in  the  cost  given  above  of  back-drainage  over  the  old  plan  of 
brick  drains  and  sewers.  Indeed  it  has  been  found  to  be  altogether 
impossible  to  drain  the  lower  description  of  houses  in  the  metropolis 
upon  the  old  plan,  on  account  of  the  enormous  expense ;  and  this  is  the 
reason  that  all  the  poorest  localities,  where  drainage  appliances  are  most 
required  to  remove  the  rapidly-accumulating  filth  resulting  from  the  over- 
crowded state  of  the  dwellings,  are  entirely  destitute  of  such  important 
requisites  of  health  and  comfort.  The  same  reason  may  in  a  great 
measure  be  assigned  for  the  prominence  such  places  hold  in  the 
Registrar-General's  repeated  reports  of  deaths,  and  why  they  are  so  con- 
spicuous m  times  of  cholera. 
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Effect  of  intermittent  Svpphj 


36.  In  this  Goulston-street  plan  yon  not  only  contemplated  the  re- 
moval of  all  cesspools,  but  also  the  substitution  of  water-doset  apparatus  ? 
— Yes.  The  sanitary  improvement  of  that  place,  as  well  as  of  others  upon 
which  I  have  reported  from  time  to  time,  embraced  the  substitution  of  a 
water-closet  apparatus  for  the  cesspool. 

37.  Have  you  any  idea  of  the  additional  quantity  of  water  the  water- 
closet  apparatus  would  require  for  this  block  of  houses? — The  water 
now  running  to  waste  under  the  present  imperfect  supplying  appa- 
ratus would  more  than  suffice  for  the  use  of  the  water-closets.  In  the 
instance  before  given  three-fourths  of  the  water  run  to  waste  during  tlie 
time  of  supply. 

38.  What  is  the  average  consumption  per  house  where  supplied  from 
butts,  the  supply  being  on  alternate  days? — The  average  quantity  of 
water  actually  consumed  per  house  is  about  57  gallons  in  the  lower 
neighbourhoods,  such  as  Whitechapel,  and  where  each  house  contains 
10  persons  on  an  average.  This  is  ascertained  by  selecting  a  number 
of  houses  where  the  water-butts  are  emptied  before  the  next  supply 
fills  them.  But  the  houses  in  such  places  have  not  all  cisterns; 
most  of  the  inhabitants  procure  their  water  from  the  stand-pipe  in 
stone  jars,  many  others  have  pails  and  kettles,  but  few  have  cisterns  or 
water-butts. 

39.  Did  you  find  that  the  butts  were  not  emptied  on  the  second  day? 
— 103  water-butts  and  cisterns  out  of  141  which  have  been  examined  in 
this  place  were  not  emptied  before  the  next  supply  came  in. 

40.  Did  you  find  the  foundation  of  the  houses  very  damp  there? — 
The  lower  floors  of  the  houses  thus  imperfectly  supplied  with  water,  and 
having  no  drainage,  are  very  damp,  especially  where  stand-pipes  are 
used  to  deliver  the  water.  In  some  places  the  3^ards  are  completely 
flooded  in  consequence.  And  this  dampness,  besides  aiding  in  the  pro- 
duction of  sickness,  hastens  the  decay  of  house  property,  and  is  thus  the 
cause  of  much  permanent  damage. 

41.  Do  you  think  that  the  damp  was  greater  than  could  be  accounted 
for  by  the  mere  rainfall  ? — There  can  be  no  doubt  of  it ;  the  overflow 
from  water-butts  often  passes  into  the  cesspools,  where  there  are  any,  and 
penetrates  to  the  house  foundation  :  it  is  periodical,  certain,  in  large 
quantities,  and  always  in  one  place,  and  hence  is  sure  to  accomplish  the 
work  of  destruction,  though  perhaps  for  a  time  unnoticed.  Fortius  reason 
the  subjects  of  water  supply  and  drainage  are  inseparably  connected :  water 
should  only  be  very  cautiously  administered  ^vhere  no  drainage  exists ; 
and  where  houses  are  supplied  vvith  water  there  should  be  drains  to  carry 
it  away,  and  both  should  be  under  one  superintending  jurisdiction. 

42.  Where  the  houses  were  drained  could  you  find  an  average  dis- 
charge of  water  ? — I  have  had  several  opportunities  of  making  such 
observations.  In  a  case  before  alluded  to  at  Goulston-street,  6  houses, 
standing  on  an  area  of  223  square  yards,  are  supplied  with  900  gallons 
of  water  by  the  New  River  Company  daily,  for  about  U  l^our,  into  5 
water-butts,  containing  each  7  cubic  feet,  or  together  210  gallon?. 
The  average  discharge  here  through  the  9-inch  stoneware  drain,  durina 
the  time  the  water  is  being  delivered,  is  330  gallons  per  hour,  or  495 
gallons  during  the  time  of  supply,  and  about  6  gallons  per  hour  during 
the  remainder  of  the  day.  This  was  only  the  ordinary  flow  from  the 
houses,  and  in  fine  weather. 


in  causing  IVaste  and  Damp. 
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Observation  No.  2.-About  380  houses  draining  i"^«^;^;2-inch  pipe  M.^to. 
laid  along  the  lovviug-path  of  the  Eegeni's  Canal,  near  the  Caledoman- 
road  : — 


Date. 

Total 

Discharge 
in  a4 
hours. 

Discharge 
per  House 
in  24 
hours. 

Greatest  Flow  per 
hour. 

Least  Flow  per 
hour. 

1850.  1 
Thursday,  January  10,  > 

not  a  water-day  .  -J 
Friday,  January  11,1 

water-day    .    •  •/ 

Saturday,  January  13,) 
water-day    .     •     •  i 

Monday,  January  14,1 
not  a  water-day  .     .  J 

Gallons. 
18,927 

26,412 

39,669 

14,169 

Gallons. 
50 

85  1 
104 
40 

Gallons. 

f  4200 

I  (From  1  to  2  p.m.) 

12,000 
(From  10  to  11  A.M.) 
(  12,600 
j(From  7  to  8  A.  M, 
from  3  to  4  r.  m.) 
f  3150 
I  (From  9  to  10  A.M.) 

Gallons. 

252 

(From  6  to  7  A.  M.) 
252 

(From  6  to  7  A.  M.) 
186 

(From  6  to  7  A.M.) 
140 

(From  6  to  7  A.  M.) 

The  greatest  depth  of  water  in  the  12-inch  pipe  during  these  experi- 
ments was  3  inches,  but  little  more  than  one-third  of  its  sectional  area. 

43.  As  a  general  rule,  may  it  be  said  that  nothing  is  sent  down  the 
soil-pans  that  the  water  will  not  carry  away,  and  that  the  more  the 
iunctions  are  the  greater  will  be  the  rapidity  of  the  discharge  ? — I  have 
found  in  my  experience  of  tubular  house-drainage  that  what  usually 
passes  down  the  water-closet  will  be  conveyed  away  if  there  be  an  adequate 
supply  of  water.  When  stoppages  are  discovered  in  house-drains  having  a 
sufficient  supply,  they  are  generally  found  to  arise  from  the  improper 
construction  of  the  drain,  irregularity  of  the  inclination,  imperfect  joints, 
&c.,  althouiih  the  matter  accumulated  is  very  frequently  hair  and  grease, 
■which  would  have,  however,  readily  passed  away,  had  the  obstructions 
not  been  left  in  the  drain  itself  at  its  construction  ;  this  appears  from  the 
upper  and  perfect  part  of  the  drains  being  quite  free  from  any  appear- 
ance of  such  matter,  and  the  point  of  stoppage  being  at  the  imperfect  part. 
If  junctions  be  properly  moulded  and  skilfully  laid  in,  the  contributions 
of  water  they  discharge  will  accelerate  the  velocity  of  the  united  current 
in  the  main  sewer-pipe,  and  therefore  all  the  branches  from  the  various 
parts  of  the  house  should  be  short,  and  united  to  the  principal  house- 
drain  as  soon  as  possible.    But  if  they  are  laid  in  at  right  angles,  each 
junction  tends  rather  to  impede  the  velocity  by  discharging  iis  stream 
across  the  direction  of  Uie  current  in  the  house-drain.    The  same  prin- 
ciple, of  course,  obtains  with  regard  to  main  sewer-pipes  and  brick 
sewers. 

44.  What  would  be  the  additional  expense  for  cistemage,  for 
Goulston-street  block  of  houses,  to  give  the  locality  a  constant  supply? 
— The  expense  of  constructing  a  water-tank  at  a  sufficient  ele- 
vation, and  of  a  capacity  to  contain  two  days'  supply  of  water  for  this 
block  of  houses,  would  be  about  160/.  The  water  would  be  supplied 
by  the  New  River  Company,  and  the  mains  always  full  and  charged. 
Several  years  would  elapse  before  any  great  and  extensive  works  of 
improved  water-supply  could  be  completed  ;  and  the  plan  here  sug- 
gested and  detailed  in  my  Report  upon  Church-lane,  St.  Giles's,  of 
dealing  with  blocks  of  houses  in  the  poorest  neighbourhoods,  and  pro- 


.  Gotto. 


1 6S    Exi)emc  of  maUmj  present  intermittent  Supply  constant. 

vidin-  tliem  with  small  systems  of  constant  water-supply  connected  will, 
efhc.enl  c  rumage,  cannot  (kil  of  affording  the  desired  relief  in  the  mean 
time,  and  that  with  u  considerable  saving-  over  the  present  intern.ittent 
and  wasteful  practice.  Moreover,  the  mains  and  domestic  distributing 
pipes  and  apparatus  would  be  adapted  to  and  ready  for  the  gener:d 
improvements  contemplated  whenever  they  should  be  carried  out  -  and  if 
this  plan  were  adopted  in  such  places,  immediate  relief  mi^ht  be  afforded 
where  It  IS  most  required,  and  those  very  extensive  works  of  distribution 
w^ould  be  in  progress,  which  would  otherwise  occupy  many  yoars,  if 
their  commencement  be  delayed  till  the  source  of  metropolitan  water- 
supply  be  decided. 

45.  What  would  be  the  rate  of  additional  expense  of  construction  at 
other  places  to  make  the  present  intermittent  supply  of  water  a  constant 
supply?— In  Church-lane  and  Carrier-street,  St.  Giles's,  there  are  110 
houses.  I  have  prepared  plans  and  estimates  to  supply  these  houses 
With  water  in  the  manner  before  described.  The  water-tank  and  mains 
of  fire-clay  would  cost  262/.  10*.,  or  -21  Is.  Id.  per  house,  that  is, 
provided  the  water-mains  were  laid  in  the  same  trenches  and  at  the 
same  time  as  the  main  sewer-pipes,  for  the  digging  and  reinstatement  of 
the  paving,  which  form  the  largest  items  in  the  expense,  would  be  thus 
in  a  great  measure  saved.  'J'he  expense  per  house  for  the  service-pipe 
to  the  ground-floor,  stop-cock,  stool-cocks,  and  tap  to  the  sink,  would 
be  about  16*.  6d.;  this,  with  the  cost  as  above  ofoeneral  works,  would 
be  3/.  4*.  Id. 

46.  State  what  is  the  average  size  and  cost  of  pipes? — The  water- 
mains  of  fiie-clay  would  be  required  about  3  inches  in  diameter  (at 
3d.  per  foot)  tor  such  a  block  of  houses  and  Goulston-street,  and  the 
house-service  1  inch  in  diameter,  at  a  cost  of  Hd.  per  foot.  These 
prices  are  given,  assuming  that  the  manufacture  of  pipes  for  this  pur- 
pose would  be  carried  on  upon  a  principle  of  economy  commensurative 
with  the  contemplated  demand, 

47.  Will  you  state  the  extra  supply  of  water  which  might  be  con- 
sumed by  a  proper  system  of  surtace-cleansing  by  jet  ? — This  will  de- 
pend upon  the  pressure  under  which  the  water  is  delivered  and  the 
frequency  of  plugs,  but  it  appears,  from  experiments,  that  the  average 
quantity  of  water  required  for  street  cleansing  after  this  manner  would 
be  about  1  gallon  for  every  superficial  yard  of  paving  each  time. 

48.  What  is  the  expense  of  that  mode  of  cleansing,  compared  with 
that  of  scavenging? — It  is  estimated  that  100  yards  of  paving  can  be 
cleansed  by  the  hose  and  jet  for  2j;d.  each  time  ;  and  if  this  be  done 
every  day,  it  would  amount  to  I4d.  per  100  yards  per  week.  It  should 
be  observed  that  the  plan  of  washing  the  mud  from  the  streets  into  the 
sewers  involves  the  expense  of  removing  it  from  them  ;  for  it  is  found 
that  the  heavy  matter  from  the  carriage-ways  is  the  most  difficult  of 
removal  from  the  sewers,  concreting  on  the  bottom,  and  frequently  re- 
quiring to  be  brought  lo  the  surface  by  hand  labour.  Beyond  this  item 
in  the  total  expense,  for  which  no  accurate  estimate  can  be  made, 
there  is  another  in  sweeping  and  scraping  solid  matter,  which  cannot 
be  removed  effectually  from  the  surface  by  the  use  of  water  only.  It  is 
found  also  that  constant  sweeping,  by  hand-labour  or  machine,  during 
the  day,  is  the  best  means  of  preventing  the  accumulation  of  mud  in 
streets.    This  process  also,  to   a  very  great  extent,  supersedes  thu 


Expense  of  cleansing  hj  Bose  and  Jet. 
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necessUvand  expense  of  watering  the  streets,  on  account  of  all  dirt  Mr^ouo. 
^:^:llZL-I..on.s  it  is  -eated,  and  before  it  can  beco^^^^^^^^^^^^ 
Where  there  is  a  constant  and  rapid  accumulataon     f  f '  ^f/^^^^^"  ^ 
be  as  constant  a  means  of  removal,  and  this  cannot  be  the  case  vv^  h 
the  hose  and  jet.    It  is  a  matter  of  daily  experience  that  sweeping  will 
cost  per  100  yards  per  week — 

Labour         .        •        *        *      ,  '        '        -  ^i^' 
Brooms,  &c.,  and  superintendence,  about     .        ■  i 

To  this  must  be  added  the  cost  of  watering  when  itj 

is  required        .        •        '     ,   *     ,   '        *  ''I 

The  charge  is  about  2d.  per  yard  for  the  season  ot 

about  half  the  year.  .  ' 

Total  cost  per  100  yards  per  week  for  sweeping 

and  watering  ■'^i  • 

There  is  no  item  in  this  estimate  for  cartage,  since  the  value  of  the 
manure  is  found  to  be  equivalent  to  it. 

49.  Have  you,  in  the  course  of  your  experience,  found  that,  as  a  general 
rule,  there  is  any  substantial  difficulty  in  the  way  of  back-drai  nage  ?— I 
have  not  hitherto  found  any  insurmountable  mechanical  difficulties  in  the 
way  of  constructing  back -drainage.    On  the  other  hand  it  will  be  seen, 
by  what  has  been  already  advanced,  that  generally  speaking  it  possesses 
in  practice  many  advantages  over  any  other  description  of  house-dram- 
age.  First,  in  point  of  economy,  being  on  the  average  about  half  the  cost 
of  tubular  drainage  passing  through  each  house  to  the  sewer  in  front, 
thus  bringing  this  important  sanitary  improvement  wkhin  the  reach  of 
owners  of  the  lowest  description  of  house  property.   Secondly,  it  is  more 
efficient ;  carrying  off  the  refuse  and  filth  from  the  houses  much  faster 
than  by  front-drainage,  on  account  of  the  shorter  length  of  drain  required, 
while,  for  the  same  reason,  there  would  be  less  chance  of  stoppages  taking 
place,  and  less  cost  of  repairs.    It  is  found  in  practice  desirable  on  this 
account  to  make  house-drains  as  short  as  possible.     Thirdly,  it  is  more 
convenient,  there  being  no  necessity  to  disturb  thefloors  and  foundations  of 
houses,  either  for  the  first  construction  or  during  repairs.  But  while  there 
are  frequent  applications  for  back-drainage  in  preference  to  other  more 
expensive  plans  made  by  owners  of  house  property  appreciating  the 
advantages  before  enumerated,  there  are  also  many  who  delay  the  im- 
provement of  their  property  ratlier  than  execute  the  work  upon  such  a 
principle.    The  difficulties  to  be  encountered  and  provided  against,  in 
adopting  this  arrangement  as  a  general  principle,  require  serious  con- 
sideration.   First,  as  to  one  person's  right  of  draining  through  his  neigh- 
bour's house ;  secondly^  as  to  individual  liabiUty  to  cleanse  and  repair 
drains  laid  under  such  circumstances.    It  is  found  that  in  this  way  con- 
siderable annoyance,  trouble,  and  expense  often  fall  upon  a  person,  the 
drain  of  whose  house  is  stopped  in  consequence  of  the  carelessness  (some- 
times wilful)  of  his  neighbours  in  sending  down  the  drain  matter  it  was 
never  intended  to  convey.   Thirdly,  some  inconvenience  may  be  antici- 
pated in  apportioning  the  expense  of  construction  of  the  main  sewer- 
pipes  in  back-drainage,  for,  the  size  of  the  pipe  at  the  back  of  the  house 
at  the  lower  end  may  be  15  inches,  and  gradually  decreasing  in  size  till 


170       Adoaataye  of  combined  IForlis  in  respect  of  Officers. 
Mr._OoUo.  it  may  be  6  incl.es  at  the  back  of  bouses  at  the  upper  e).d.    Thus,  while 

Th>  r'^ "^rr"^ '^^^^^'^^^  «f  tile 

other,  jet  the  benefit  would  in  either  case  be  equal.    These  objections 

nndt  .b??;?  T^'  r^T'T'  "^^'^^"^^  ^^^^'^''t  arrangements 
under  the  authority  of  the  Act  of  Parliament  carried  out  by  a  nroperlv 
organized  staff  of  inspectors  of  house-drainage,  to  ensure  and  pre  erve 
Its  proper  action.  i 

50.  Would  not  one  and  the  same  person  sufBce  for  keeping  soil- 
pans  .n_  order,  for  the  removal  of  dust,  and  for  other  .vork  of  a  like 
descriptjon  for  keeping  all  clean  ?-Yes ;  and  under  well-devised 
arrangements  the  same  inspectors  might  at  the  same  time  attend  to  the 
delivery  of  the  water-supply,  especially  as  under  an  improved  constant 
water-st.pply  the  establishment  of  turncocks  would  be  dispensed  with 
or  their  labour  m  a  great  measure  lightened.  * 

51.  So  far  from  an  indisposition  to  having  this  cleansing  carried  on, 
IS  It  not  the  fact  that  people  themselves  are  willing  to  pav  for  it  I  have 
found  It  so,  among  the  lower  classes  especially.  It  is  stated  in  a  Henort 
presented  by  myself  to  the  Commissioners  of  Sewers—"  that  in  some 
parts  of  Whitechape!  there  are  occupants  of  60  rooms  using  three  water- 
closets,  and  a  poor  women  had  undertaken  to  keep  them  clean  for  Id 
per  week  per  room,  producing  5*.  per  week  ;  and  it  is  stated  to  have 
been  cheerfully  and  punctually  paid.  There  were  offers  made  at  the 
time  by  tenants  of  rooms  in  Church-lane  to  pay  the  same  weekly  sum 
per  room  to  keep  a  common  privy  cleansed.  On  this  part  of  the  pro- 
perty, consisting  of  10  houses,  this  arrangement  is  adopted.  A  mun  is 
employed  to  cleanse  the  yards,  privies,  «Sic.,  and  receives  1^.  per  day  and 
his  lodging."  This  plan  is  adopted  in  many  other  of  the  lower  nei-rh- 
bourhoods  of  London,  and,  if  matured,  might  be  made  far  more  easy 
and  economical; 

52.  Would  it  not  naturally  fall,  in  the  division  of  labour,  to  men  in 
the  position  of  turncocks  also  to  be  occupied  in  cleansing  by  the  use  of 
the  jet,  and  keeping  the  taps,  and  other  such  portions  of  the  distributary 
water  apparatus,  in  order  ?— It  would  ;  and  if  the  drainage,  water- 
supply,  paving,  and  building  works,  were  placed  under  one  jmisdiction, 
separate  districts  might  be  assigned  to  separate  officers  in  respect  of 
all  these  particulars. 

53.  Did  you  not  contemplate  and  propose,  in  a  Report,  that  this 
apparatus  should  be  put  dow^n  and  kept  in  order  by  a  contract  for  some 
years? — Yes,  for  five  years. 

54.  What  is  the  total  cost  per  house  per  week  that  you  estimate  all 
this  might  be  done,  in  a  state  of  things  in  which  there  would  be  no 
accumulations,  and  in  which  water  would  simply  be  required  to  remove 
all  out  of  sight  ? — All  the  cleansing  works  of  ])aved yards,  and  attention 
to  stoppages  in  drains,  taps  of  water-supply,  &c.,  would  cost  about  one 
penny  per  house  per  week.  I  estimate  that  one  person  would  attend 
to  about  400  houses. 

55.  According  to  the  ordinary  rate  of  flow,  what  is  the  greatest 
length  of  time  that  any  decomposing  refuse  could  be  removed  from  such 
a  block  of  houses  as  the  Goulston-street  block  ? — About  eight  minutes, 
the  greatest  length  of  sewcr-pipe  being  860  feet. 

56.  At  what  rale  would  that  flow  have  Iteen  in  the  main  sewer? — 
The  average  rate  of  flow  in  the  sewer  would  be  about  24  inches  in  a 
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second  ;  but  this  would  vary  at  almost  every  part  of  the  day  in  propor-  Mr 

""T^C^^^^^  the  refuse  remain  in  the  drain  of 
kind  of  hou  es  pu  have  been  speaking  of  ?-But  a  very  few  seconds, 

thrietrof  h  d  .  . 

58  wLt\vould  have  been  the  expense  of  the  earth-work  in  laying 
down  this  drainage,  as  calculated  in  your  estnnate 

713  cubic  yards  diggmg     .     •     •     •     •     •  40    2  1 

458  cubic  yards  digging   200  15  4 

2294  cubic  yards  digging   ^  

Total  cost  of  digging  for  the  main-sewer  pipes       £303    5  2 

59.  What  was  the  proportion  of  that  expense  to  the  whole  ?- Just 
half  the  cost  of  the  whole  work. 

60.  Supposing  you  had  to  lay  down  the  water-supply  apparatus  sepa- 
rately from  drainage  and  with  distinct  earth-work,  what  would  be  the 
additional  expense  ?— For  only  the  water-mams,  about  210^. 

61  If  one  man  were  on  the  spot  to  take  care  of  the  drams  and  sewer- 
aee  would  it  not  be  desirable  to  intrust  to  him  the  supervision  over  the 
wat'er-apparatus  ?-Yes,  very  desirable:  indeed,  these  two  works,  being 
inseparably  connected  with  each  other,  ought  to  be  under  one  control 

and  management.  ■,•     1  j. 

62.  Would  he  not  be  the  man  to  apply  to  1  m media  el y  to  procure 
.needy  relief  on  occasions  of  fire  breaking  out  in  the  neighbourhood.''— 
He  would;  and  being  intimately  acquainted  with  the  water-apparatus 
and  having  under  his  control  the  kevs  and  plugs,  much  of  the  delay  and 
confusion  now  universally  experienced  on  such  occasions  would  be 
obviated,  while  property  and  life  would  be  in  greater  security. 

63  Would  not  this  plan  tend  to  a  reduction  of  fire  risk  upon  ttiis 
block  of  houses;  and,  if  so,  to  what  extent?-It  is  difficult  to  say 
to  what  extent,  owing  to  the  difference  existing  among  the  fire-offices  in 
the  manner  of  fixing  the  class  of  the  risk  :  some  offices  would  not  take 
such  property  as  this  at  all,  but  1  am  of  opinion  that  the  risk  would  be 
considered  as  reduced  one-half  by  the  adoption  of  such  contemplated 
facilities  for  extinguishing  fire. 

64.  Supposinu-  the  case  of  new  buildings  heing  contemplated,  would 
it  not  be  a  desirable  regulation  that  the  surveyor  or  officer  of  the  Sewers 
Commission,  who  would  have  to  see  to  the  putting  down  of  the  drains, 
should  also  see  to  the  regulations  as  to  party-walls  being  completely 
and  effectivelv  complied  with  ?— Certainly  ;  and  very  great  incon- 
venience is  now  felt  in  consequence  of  these  works  being  under  d'^erent 
superintendence  ;  the  same  person  might  do  both  with  very  little  addi- 
tional labour,  trouble,  and  expense;  and  such  an  arrangement  would 
materially  facilitate  the  exercise  of  that  control  which  ought  to  be  had 
over  the  construction  of  drainage  and  water-supply  works.  It  frequently 
happens  that  improperly  constructed  drains  are  surreptitiously  intro- 
duced into  the  sewers  from  newly  built  houses,  the  existence  of  which 
the  surveyor  of  sewers  is  ianorant  of. 

6b.  In  laying  down  the  distributory  water  apparatus  at  the  hacks  of 
houses,  would  it  not  often  avoid  crossing  areas,  and  thereby  avoid 
exposing  the  pipes  to  frost? — It  would  diminish  that  inconvenience 


1 72       Expense  of  Apparatus  of  constant  Water  Supply, 
■o-  very  much,  since  none  of  the  pipes  outside  the  house  need      Pvr.n  .a 

About  ?oo7""  T'''''^  ^"^^"^h      amoun  of  work?- 

account  r    ^    ""'"^       '^P'^'"?  the  cesspools,  without  takino-  into 

hous^es  dirvCnn?  '^''  "'PP^'^'     ^^^^^^"^      *his  block  of 

wa?er  Ihereir?  Tn  ""-^""^^^^^r^  ^o  show  the  effect  of  exposure  of 
water  therein  .''—In  many  cases  there  was  a  very  lar-e  deoosit  in  thp 
bottom  of  the  cisterns,  partly  owing  to  the  soot  Ld  dusfS  ;ar^v 
ansmo-  from  the  f.>ulness  of  the  water  supphed:  the  uncovered  deter  s 
arJc'o^'^r"' Vl'^''  accumulated  i.Vthe  bottom  than  those  S 
are  cove,  ed,  and  are  cleansed  more  often,  in  some  cases  once  a  fortniehr 

frozenrth""-'.""'^/'^  7''''  ''''''  ^"'^^  ci'erns  Ten 
frozen  m  the  wniter,  and  in  tlie  hot  summer  weather  is  deprived  of  its 

coolness,  and  beinc:  stagnant,  putrifies:  from  the  informatimi  of  t  e 
res.dents  m  this  locahty  it  is  said  to  smell  offensively  in  the  summer. 

69.  In  respect  to  the  water  distribution,  will  not  this  lavincr  on  of 
water  on  a  system  of  constant  supply  as  contemplated,  have  the'advan- 

temn!L''r^T"^"r  "'"J^  ^^'^  exposure,  but  greater  uniformity  of 
emperature?-There  need  be  no  exposure  in  a  properly  laid  constant 
supply  of  water,  for  the  receptacles  would  be  done  away  with :  and  by 
laying  m  the  service-pipes  at  the  backs  of  houses,  as  is  here  contem- 
plated the  pipes  would  not  as  now  pass  along  the  area-wall  above 
ground  :  it  is  most  frequently  in  this  part  that  the  water  freezes  and  the 
pipes  burst  at  the  ensuing  thaw.  For  the  same  reason  there  would  be 
an  uniformity  of  temperature  in  the  water,  which  could  not  be  obtained 
by  the  present  system. 

70.  Give  the  total  expense  of  the  apparatus  for  the  distribution  of 
water,  distinguishing  the  expense  of  service-pipes  per  house,  of  the 
waste  or  return  pipes  from  each  house  not  properly  called  drains,  and 
the  expense  of  what  would  be  called  branch-mains  ?— Under  a  constant- 
supply  system  no  waste-pipes  would  be  required,  and  the  dio-gi„o- and 
paving  would  be  saved  by  using  the  same  trench  as  the  drain!  ^ 

Estimate  for  water-supply  apparatus  to  the  house,  shown  on  plan 

under  the  consta7it  systein. 
15  feet  of  stoneware  service-pipe,  and  laying, 

^      at  6c?  ;  .£076 

Stop-cock  and  fixing  at  the  main  ....036 
Stool-cock  and  fixing  to  water-closet  .  .  .026 
Joint  at  the  water-main      .     .     ;     ...    0    0  4 

-n  1       1       .   0  ^3  10 

lor  the  branch-main,  15  feet  of  3  in.  stoneware  main, 

and  laying,  at  8(/   0100 


£l    3  10 
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71.  Slate  also  the  expense  of  each  water-closet  apparatus  laid  down  Mr^ou. 

complete  ? —  nn  i  o  n 

The  water-closet  apparatus  laid  down  complete  would  be  U 
Emptying  and  filling  up  the  cesspool,  about        .     .     '    ^  " 

£14  0 

72.  Also  the  expense  of  soil-pans  supplied  from  waste-pipes  ?— The 
exnense  of  soil-pans  is  Is.  6rf.  each. 

73  Also  the  expense  of  building  common  necessaries  where  a  new 
one  is  necessary?— A  public  water-closet,  constructed  of  hollow  brick, 
similar  to  the  accompanying  plan,  would  cost  about  10^. 

74  Were  you  not  directed  by  the  Works  Committee  to  examine 
and  analyse  the  cost  of  production  of  drain-pipes  and  water-pipes;  will 
YOU  put  in  a  table  of  the  comparative  expense  of  the  present  price  of 
such  materials,  and  the  prices  at  which  you  reported  they  might  be 
contracied  for  :  include  also  in  the  table  the  present  price  of  manufac- 
ture of  stoneware  pipes  of  the  first  quality,  and  the  prices  at  which 
earthenware  pipes  might  be  manufactured,  according  to  your  re- 
port, of  such  quality  as  would  serve  for  a  water  distribution  ?— 
I  received  instructions  from  the  late  Commissioners  to  make  some 
investigations  as  to  the  cost  and  manufacture  of  earthenware  pipes. 
With  this  view  arrangements  were  made  for  moulding  and  burning 
some  pipes  in  the  improved  kilns  of  the  Ainslie  Tile  Company.  The 
result  of  these  experiments  is  contained  in  the  following  table,  show- 
ing the  quantity  of  material,  and  the  cost  of  each  part  of  the  production. 
The  total  shows  what  may  be  called  the  neat  prime  cost  of  the  goods  at 
the  kiln  :  a  large  percentage  should  of  course  be  added  for  profit,  car- 
riage, &c.  &c. 

Cost  at  tohich  tubular  drain-pipes  ivere  manufactured  in  these 

experiments. 


m 

Materials. 

Cost  of  Materials,  Labour,  and  Burning,  per  1000  Feet. 

Size  of  Pipes,  inclK 
in  diameter. 

Clay. 

Coals,  1  cwt.  to 
a  Ton  of  Clay. 

Cost  of  Clay, 
say  at  7s.  per 
Ton,  includ- 
ing Royalty, 
Digging,  &c. 

1 

5  c  . 

Labour  in  Mould- 
ing, carrying  to 
Drjing  iSlied, 
and  Attendance 
during  Drying. 

Cost  of  Coals,  at 
20s.  per  Ton. 

Extra  for  Manage- 
ment, Kiln-rent, 
Waste,  Labonr, 
Packing,  and 

Drawing  the  Kiln. 

Total  Prime 

Cost  per 
lOiiO  Feet  in 
the  Field. 

Ton.cwt.lhs. 

Cwt. 

£.  s.  d. 

S.  d. 

£.    S.  (/. 

s.  d. 

£.    S.  d. 

£.    s.  d. 

5 

4    0  20 

4 

1    8  0 

8  0 

1     0  0 

4  0 

1  10  0 

4  10  0 

6 

5  15  0 

5| 

2   3  0 

11  6 

1     S  9 

5  9 

2    3  1 

6    9  4 

7i- 

6  16  70 

6i 

2   9  9 

13  7 

1  14  2 

6  9 

2  12  0 

7  16  1 

8  18  50 

9 

3    2  5 

17  10 

2    4  8 

9  0 

3    7  0 

10    0  11 

Each  process  of  the  manufacture  is  capable  of  very  considerable  ini- 
provement  in  respect  of  expense,  time,  and  quality  ;  but  to  bring  this 
liKinufacture  to  maturity  would  require  larger  pecuniary  resources  and 
undivided  attention.  It  will,  however,  be  seen,  by  the  following  table, 
that,  with  the  present  incomplete  and  imperfect  appliances,  a  very  large 


^  Co3t  of  tubular  Drain  Pipes. 

Mx^uo.  reduction  may  be  anticipated  in  the  cost  of  these  descriptions  of  good. 

a  result  ot  the  very  highest  importance,  contemplating  ,hc  immediate 
and  large  demand  tor  sanitary  purposes. 

Table  contrasting  the  prices  of  tubular  drain-pipes. 
Fifty  per  cent,  is  here  added  to  the  prices  in  the  foregoing  table,  for 

profit,  carriage,  &c.  &c.  "  ' 


Lengths. 


Per  foot 
Per  1000  feet 
Per  mile 

iPer  foot 
Per  lUOO  feet 
Per  mile 
Per  foot 
Per  1000  feet 
Per  mile  . 


Red  earthen- 
ware pipes 
if  made  by 
contract. 

Red  earthen- 
ware pipes 
at  tile  present 
sale  prices. 

Stoneware 
glazed  at 
the  piesent 
sale  prices. 

A  verag 

On  red  earth- 
enware pipes 

if  made  by 
contract  over 

the  present 
prices. 

£.  s. 

d. 

£.  s. 

d. 

£. 

s. 

d. 

£.  8. 

d. 

0  0 

0  0 

5 

0 

0 

6 

0  0 

H 

8 

6  15 

0 

20  IG 

8 

25 

0 

0 

14  1 

3.T  12 

9 

110  0 

0 

132 

0 

0 

74  7 

3 

0  0 

ox 

0  0 

6 

0 

0 

7 

0  0 

H 

9  14 

0 

23  0 

0 

29 

3 

4 

15  6 

0 

51  4 

4 

132  0 

0 

154 

0 

0 

80  15 

8 

0  0 

3f 

0  0 

9 

0 

1 

0 

0  0 

5i 

15  1 

6 

37  10 

0 

50 

0 

0 

22  8 

6 

79  11 

10 

19S  0 

0 

264 

0 

0 

118  8 

if  made  by 
contract  over 
glazed  stone- 
ware pipes. 


£.  s.  d. 

0   0  4i 

18  5  - 
90  7 

0  0 

19  9 
102  15  8 

0    0  8i 

34  18  6 

184    8  2 


0 
3 

4f 


These  experiments  were  carried  on  under  many  disadvantao-es  and 
hindrances,  calculated  to  increase  most  materially  the  ultimate  cost  of 
the  production;  and,  from  my  experience,  I  am  of  opinion,  that  for  the 
expenses  exhibited  in  tl^e  table,  and  under  more  favourable  circum- 
stances, such  as  would  obtain  in  a  large  and  convenient  establishment 
pipes  could  he  produced  from  common  clay  of  sufficient  strength  for 
water  distribution.  One  of  the  most  important  advances  towards  this 
state  of  perfection  is  that  of  submitting  the  pipe,  when  half  dry,  to  an 
extreme  pressure  between  two  polished  iron  surfaces,  whereby  a'density 
of  substance  and  truth  of  form  is  attained,  which  imparts  a  superiority 
over  the  best  description  of  glazed  stoneware  yet  produced.  A  machine 
for  effecting  this  purpose  has  been  constructed  and  patented  by  Messrs. 
Burton  and  Sons,  engineers,  Blackfriars. 

75.  Allowing  fifty  per  cent,  on  your  estimated  prime  cost  of  produc- 
tion by  the  present  improved  methods,  what  would  the  production  of 
such  pipes  at  such  prices  reduce  your  estimate  for  the  water-supply  of 
the  block  for  the  supply  of  which  you  were  called  on  to  estimate  and 
report  on  ? — About  one-half. 

76.  What  would  be  the  total  price,  in  each  case,  per  house,  of  the 
reduced  estimate  for  pipes,  assuming  that  a  constant  .-supply  of  water 
would  be  provided,  and  cisterns  be  thus  rendered  unnecessary? — 

Estimate  for  laying  on  water  to  one  house  under  the  present  inter- 
mittent system, 

24  feet  super  slate  cistern,  and  fixing  £\  \6  Q 

45  feet  supply-pipe  250 

j     8  feet  service-pipe  0    (>  8 

10  feet  waste-pipe  0  10  0 


£4  17  8 
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mtunaiefor  la,jir„  on  r.ater      one  Uonse  un^  t>.e  conten,pl.iei  M.^o.... 

constant  system  oj  supiJli/- 

.  £0  13  10 

See  page  11  

7Y   What  was  vour  estimate  of  the  expense  of  constructing  gully- 

gully-sho(jts  was—  ^ 

As  constructed  in  the  City  •  •  .  •  •     •  •  •  •  •  ! ?  ^6 

As  constructed  in  Westnnnster  district,  in  1839. ...  ^  17  O 
Ditto  ditto  ditto  in  1845....  4  4  11 
Ditto  at  present  of  9-inch  st-oneware  pipes  3  17  U-. 
pitto  at  present  of  6-inch  stoneware  pipes  3  5  4 
As  they  may  he  constructed  of  red  earthenware  )  ^  10  3 
pipe  hy  contract  under  the  Commissioners  J 

78  In  carrying  out  the  improved  drainage-works  and  waterworks, 
hrickwork  would,  of  course,  be  needed  for  man-holes,  for  the  iormatiou 
and  arching  over  of  culverts,  &c.  ?-Brickwork  will  always  be  re- 
quired in  drainage,  for  the  more  imporianl  lines  of, sewers,  and  other 

works.  .      ,    .      .  -,1 

79  Your  investigations  as  to  the  cost  of  producing  oram-pipes  will, 
of  course,  be  applicable  to  the  production  of  hollow  bricks  P—Under  the 
direction  of  the  late  Commissioners  I  had  some  lioUow  bricks  burnt  at 
the  time  of  making  experiments  on  pipes. 

80  Did  yor  examine  and  analyse  the  prime  cost  of  the  production 
of  hollow  bricks?— I  did,  and  the  following  table  shows  the  neat  prime 
cost  at  which  hollow  bricks  could  be  made  by  contract  under  the 
Commissioners  by  the  use  of  improved  machinery  and  kiln  :— 

Prices  at  which  Hollow  Braciis  could  he  made  under  the  Commissioners,  by  the 
use  of  Improved  Machinery  and  Kiln. 


Quantity  of  Mate- 

Cost of  Materials,  Labour,  and  Burning,  per  thousand  feet. 

rial  used  per  1000 
feet. 

Cost    of  clay  and 
digging,  at  2s. 
per  ton. 

Labour  in  working, 
at  2s.  6d.  per 
ton. 

to 
c  . 

Extra  for  manngement, 
kiln-rent,  waste  lu- 

taking  out  of  the  kiln, 
nnd  contingcncie». 

000 

im. 

Size. 

>* 

Coals  at  1  cwt. 
per  ton. 

Labour  in  niaki 
at  Is.  per  ton 

Cost  of  coals, 
20f .  per  ton. 

Double  duty. 

Total  cost  per  1 
feet  in  tlie  ki 

4  by  4 

totiH  c-wt.lbs, 
6  13  0 

cwt.  lbs. 
6  73 

Ji.  s.  d. 
0  13  4 

£.  s.  d. 

0  16  7i 

•  #.  d. 
6  8 

if.  d. 
6  8 

d. 

10  6 

s.  d. 
9  4| 

£.  s.  d. 
3    3  2i 

5  ..  5 

7  15  2 

7  80 

0  15  Gi 

0  19  5 

7  9i 

7  H 

10  6 

10  11 

3  11  lOf 

6  ..  6 

8  18  6 

8  104 

0  17  10 

1    2  4 

8  10} 

8  lOi 

10  6 

12  6 

4    0  11 

.8  ..  8 

12  19  3 

12  54 

1    4  11 

1  11  2 

12  5i 

1 

12  5J 

10  0 

17  4t 

5    8  Hi 

81.  Will  you  give  a  tabular  return  of  the  comparative  cost  of  solid 
brickwork  and  of  hollow  brickwork  per  superficial  yard  ? — 
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by  contract  under  the  dommis'sion,  including  thtZ' r/S'^..^^"^'  ^^'^^^ 


Description  of  Laljour,  Materials,  &c. 

Quantities. 

9-incli  solid 
brick-work, 
laid  in 
mortar. 

8-incIi  hollow 
brick -work, 
laid  in 
mortar. 

Gain  by  using 
«-inch  hollow, 
instead  of 
9-inch  solid 
brick-work. 

Bricks  

Labour,  Carriage,  &c.    .    .  . 
•        Mortar  .... 

Cost  of  hollow  bricks,  if  made  1 
by  contract  under  the  Com-[ 

Total  , 

Per  sq.  yard. 
J  J 

5  > 
>  5 

5.  d. 

1  it 

0  10 

S.  d. 

u  o 

0  6 

1  5J 

S.  d. 

•  • 

>  J 

4  101 

2  7i 

2  2J 

Mr  Rawhnson  prepared  the  following  table  of  the  relative  cost  of 
hollow  and  solid  brickwork,  and,  having  carefully  considered  it,  I  find 
It  agree  very  nearly  with  my  own  experience  -.—{See  p.  195.) 

82.  Are  you  aware  of  any  experiments  with  respect  to  the  compa- 
rative streno-Lh  of  these  materials  ?— Such  experiments  have  been  made 
and,  as  a  general  result,  it  is  found  that  hollow  bricks  are  one- 
third  stronger  than  solid  bricks  of  the  ordinary  size.  The  followino- 
table  will  show  the  degree  of  strength  given  to  pipes  subjected  to  the 
pressure  before  described  as  compared  with  unpressed  pipes  — 


o  a 

<^  tn 

S 

a.  . 

j  -fff  2  . 

W 

PL,  i 

tv 

a  _ 

e^H  — 

o" 

s.§ 

a 

O  3 

Altitude 

Rolled  or 

2  £ 

3  p. 

Bore  c 
in  ic 

Thick 
Pipe,  iu 

Length 
iu  in 

c 
p< 

& 

Break  in 
in  poui 
sure  pe 

in  feet. 

not. 

1 

H. 

2-812 

•469 

20-68 

8-75 

420 

970-2 

Rolled  ' 

2 

H. 

2-87 

•471 

22-37 

9-25 

380 

877-8 

>  >  1 

3 

H. 

2-87 

•471 

22-37 

9-25 

280 

6-16-8 

4 

N. 

2-68 

-472 

21-0 

7-75 

180 

415-8 

Unrolled 

5 

N. 

2-7 

•473 

21-5 

7-89 

170 

392-7 

J  > 

6 

N. 

2-G9 

-471 

21  -3 

7-9 

200 

462-0 

7 

E, 

2-75 

-468 

21-5 

8-12 

140 

323-4 

Rolled 

8 

A. 

2-7.5 

•468 

22-31 

8-25 

270 

623-7 

J » 

9 

B. 

2-75 

•468 

22-37 

8-25 

260 

600-0 

5  ) 

10 

M. 

2-75 

•5 

21-37 

8-25 

160 

369-6 

Unrolled 

11 

M. 

2-75 

-468 

21-37 

8-5 

120 

277-2 

1  > 

12 

M. 

2-73 

•475 

21^47 

8-36 

110 

254-1 

13 

2-375 

•65G 

23-12 

12-25 

660 

1,524-6 

Rolled 

14 

•  ■ 

2-375 

•656 

22^75 

12-25 

360 

831-6 

3  > 
3  > 

15 

*  * 

2-375 

-630 

24-12 

12-75 

500 

115-5 

Averages  of  the  above. 


Difference 

•2 

8506 

per  Cent. 

1  to  3 

•470 

21 

•806 

9- 

0S3 

360 

831-6 

Rolled 

[  96-36 

Fine  clay. 

4  to  6 

2- 

69 

-472 

21 

•26 

7- 

8^6 

183-3 

423-5 

Unrolled 

7  to  9 

2- 

75 

-468 

22 

•06 

8- 

206 

223-3 

515-9 

Rolled 

f  71-79 

f  Coarse 

10  to  12 

2- 

743 

-481 

21 

•403 

8- 

37 

1.30 

300-3 

Unrolled 

1  clay. 

13  to  15 

2- 

375 

•6473 

23 

•33 

12- 

116 

506-6 

1 .170-4 

Rolled 

Fine  clay. 
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«oooi-o            CI                          a*  o 

'—OJJ             —               ITS               CO               o  w 
OO-VCOM                OJ                 CM                 CM  r-t 

Weight  of  one 

and  lioUow 
brick*. 

T.  c.  q.  lb. 

3  U    3  16 

3  15    3  16 
12    3    1  6 

10    5    1  12 
6    5    0  0 

4  15    3  26 
3    6    3  24 
8   2    2  0 

auo  JO 

•jfaujt 
•sqi   UI  iqSiajVV 

oooot-eo            •*            o            P  i~ 

CM              «                —  — 

'pnX  aisnbs-  auo 
UI  pips  JO  saqjni  aqng 

11,664 

1 

5,832 
4,008 

4,536 
3,456 
3,348 
.3,240 

•^isL  areubs  auo 
ni  aoeds  jo_  saqaut  aqnQ 

•  • 

•  • 

7,056 
5,832 

4,320 

3,132 

1,944 

864 

liiauisa  UI  ajaiduioa  jas 
pjBj£  ajBnbs  auo  jo  ^isog 

aa^WCM              Q'l                                    CI                 CM  r-* 

Jt  p«jC 

'luamaa  ui  las 
lad  isoa  Biixfj 

.^moo          ta           r-           oo  o 

Itemsirks. 

(Wall  one  brick,') 
X    or  9  in.  thick  .  j ' 

CM'all  one  brick,') 
1    or  9  in.  thick  .  j 

fWall  half-brick,^ 
L    or  4}  in.  thick.  / 

fWall  one  hollow] 

<  brick,   or  9  in.  > 
I    thick,    .    ,  ,1 

(Wall  one  hollow] 

<  brick,    or   8  in.  > 
I    thick.    ,    .  ,i 

jWall  one  hollow] 
{    brick,    or  6iii.> 
(    thick.    .    .  .J 

(Wall  one  hollow] 

<  brick,    or  5  in.  >; 
I    thick.    .    .  .) 

(Wall  one  hollow] 
I    brick,    or    4in.  > 
y    thick.    ,    .  .j 

'3)aidiuoa  ^as 
piB^  aiBnbs  auo  jo  isoq 

'<3''"»              «                 O                 O                ^?  o 
(^'O'CMCMCM                 CM                 CM  CM 

•pjBiC  aiBnbs 
tio  lag  01  iBj.ioi\f  JO  1S0.1 

T3°'"'°«              <o              to              to  CM 

•pjB/C  aiBnbs 
auo  }as  0}  jnoqBT  jo  ison 

°>        >n        to          to           00           00           GO  ■«< 

•p«iC  ajBnbs 
auo  UI  S5|0U5X  jo  ;so3  la^ 

•saqou; 
"5   ll'AV   J"  «sau5(aii|j_ 

<0  CM 

•puBsnoqiauo  ui 
spiB/C  ajBiibg  JO  laquinfj 

"     "     "             S              K  s 

•pjB^  ajBnbs 
 ??o     'HOHq  JO  iaqmnfj 

CO            CM              S*  "f 

""""         2         51         S  2 

•puBsnoqi 
lad  isoo  aAiiBiag 

i°222        2        °  ■= 

'*'''^'"«-*                 W                 CO                 CM  -1 

Dimensions 
of  Common 
and  Hollow 
Bricks. 

Inches. 

•ssaujjaiqj^ 

<0  CM 

•qipBajg 

^^"<»                 »                 «                 ^  to 

•qiSuaq 

-        "        2        «  2 

uopaas 
®1!>L  JO  ssauifaiqT 

•*>        «f  «i« 
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Qotto.  Comparative  Strength  of  Material  on  each  square  Inch  of  fhe  BecilotiA  Atta 
'  of  Pipes. 


Bore  of  Pipe, 
in  inches. 

ThickneflS  of 
Pipe,  in  inches. 

Sectional 
Area  of 
Pipes. 

Breaking  Weight 
in   pounds  nu 
each  square  inch 
of  the  Sectional 
Area. 

Altitude  in  feet 
on  e.aoli  square 
inch  of  the  Sec- 
tional Area. 

Rolled  or 
not. 

i 

Remarks.  | 

2-8506 

2-69 

2-75 

2-743 

2-375 

•470 
-472 
•468 
•481 
•6473 

4-903 
4*688 
4-732 
4-872 
6*146 

73-41 

39-2 

47-2 

26-7 

82-5 

169-6 
90-41 

109-07 
61-61 

190-6 

Rolled 

Unrolled 

Rolled 

Unrolled 

Rolled 

|Fineclfty. 

1  Coarse 
J  clay. 
Fine  clay. 

ExPERijiiENTS  to  try  the  Strength  of  Red  Earthenware  Pii^es  made'  by  the  P^ten'^ 

Pipe  Machine,  July  18,  1849. 


Number  of 
Experiments. 

Mark. 

Bore  of  Pipe, 
in  inches. 

Thickness  of 
Pipe,  in  inches. 

Length  of  Pipe, 
in  inches. 

Weight  of  Pipe, 
in  pounds. 

Breaking  Weight 
in.  pounds  pres- 
sure per  iqch, 

Altitude 
in  feet. 

Rolled  or 
not. 

Remarks. 

Sound  to  120  lbs.; 
then  the  wate^ 

1 

A. 

2-75 

•5 

23*125 

7*437 

.  175 

404*25 

<     ts.iae  through 

in  several 
(  places. 

2 

)  5 

2-75 

•5 

22-312 

6*875 

,  135 

311-85 

poundtelOtnbs., 

3 

)  > 

2-625 

-5 

20-375 

6*25 

no 

254-10 

i  Unrolled 

/,    and  then  sam^ 

[        No.  I. 

4 

J  5 

2-687 

•5 

•20*5 

6-25 

Unsound 

Rolled 

5 

B, 

2-687 

*5 

23-5 

7-5 

105 

2i4-2-59 

6 

>  > 

2-087 

-5 

22-25 

7*25 

Unsound 

7 

2*625 

•5 

21-187 

6-624 

95 

219*45 

UnrfflM 

8 

2-625 

•5 

17-562 

5*5 

50 

115-50 

Rolled 

9 

b'. 

2-812 

•5 

23-25 

6-5G2 

185 

427-35 

10 

2*625 

•5 

21*5 

6-062 

155 

358*05 

UnroWed 

11 

D. 

2*75 

'5 

23*875 

7-624 

125 

288*75 

1  Rolled 

12 

2-687 

•5 

23-687 

7-624 

120 

277-20 

13 

>  > 

2*687 

•  *5 

21-625 

6-875 

95 

219*45 

Unrolled 

14 

J  J 
>  J 

2-562 

•5 

21-25 

6-562 

100 

231 

>  > 

■  --11.1 

Averages  of  the  above  Pipes,  &c. 


A. 

2*75 

•6 

22*719 

7*156 

155 

» > 

2-656 

-5 

20-437 

6-25 

110 

B. 

2-687 

•5 

22-87 

7-375 

105 

2*625 

•5 

19-37 

6-062 

i  77-5 

>  > 
C. 

2*812 

•5 

23-25 

6-562 

:  185 

2*625 

*5 

21-5 

6^062 

155 

» » 
D. 

^*718 

•5 

23-78 

7-624 

'  122-5 

2*624 

•5 

21-5 

6-718 

!  97-5 

358*05 
254*10 
242-55 
167-47 
427-35 
358-05 
282-97 
225*22 


Rolled 

Unrolled 

Rolled 

Unrolled 

Rolled 

Unrolled 

Rolled 

Unrolled 


40-9  differencf 
per  cent. 

3S-9 


} 
} 

|l9-3 
\25'6 
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Comparative  Strength  of  Material  on  each  square  Inch  of  the  Sectional  Area 

.of Pipes,  July  18,  1849, 


.a 

a 
Pi 


3  S 


13 

A! 


•75 
'656 
'687 
635 
812 
625 
718 
624 


•5 
•5 
•5 
•5 
•5 
•5 
•5 
*5 


Sectional 
Area  of 
Pipes. 


.a  g  o  2  . 
.£P  .S  §  JS 

"  =3  o  r  !i 

S!  d  *  ^ 
(5  -S  «  o  <! 


105 

007 

9 

203 
9 
I 
8 


30-3 
22- 
20*9 
15-8 


35 
31 
24 
20 


'  3  a)  * 

«  c  ° 


*3  Ph 


70-1 

50-82 

48-4 

34-2 

82-1 

73- 

55-4 

46-9 


Rolled  or 
not. 


Rolled, 

Unrolled, 

Rolled, 

Unrolled. 

Rolled, 

Unrolled, 

Rolled. 

Unrolled. 


S3,  Were  not  experiments  directed  to  be  made  as  to  the  strength  of 
hollow  bricks  of  different  kinds?— They  were  ;  but  various  circumstances 
have  prevented  me  completing  those  experiments  in  detail. 

84.  Were  there  not  experiments  directed  to  be  made  as  to  the  com- 
parative flow  of  water  through  pipes  made  more  exact  by  compression? 
— They  were,  and  the  result  showed  that  the  rolling  or  pressure  gave 
one  quarter  more  velocity  to  the  water. 

Hydradlic  Experiment,  showing  the  delivery  of  Water  through  red  unglazed  Pipes, 

compared  with  glazed  stoneware. 


Description  of  Pipe. 

Incli- 
nation. 

Time  to 
discharge 
25  Cubic 
Feet. 

Height  of 

Water 
above  Top 
of  Pipe. 

Diameter 
of  Pipe. 

Cubic  Feet 
per  Hour. 

Velocity 

per 
Second. 

Stoneware 
compared 
with  the 
Bed  Pipe, 

Glazed  stoneware  . 
Red-ware  rolled,  B, 
Red-ware,  B.  , 
Red-ware  rolled,  D. 
Red-ware,  D, 

1  in  60 

>  > 

5  > 
J  > 

>  > 

m.  s. 

2  0 
2  18 
2  48 
2  28 
2  46 

Inches. 
3 
3 
3 
3 
3 

Ft.  In. 

0-24 

0-23 

0-23 

0-23 

0-23 

750' 

652-17 
535-71 
608-1 
542-1 

Feet, 
4-9 
3-72 
3*06 
3'47 
•  • 

6  to*4'34 
5  to  3*57 
5  to  4- 
5  to  3-61 

The  Pipe  in  the  above  experiment  was  fully  charged. 
Experiments  with  the  same  Pipe  running  half  full, 

r 

Glazed  pipe      .  . 

Red-ware  rolled,  B. 
Red-ware,  B.    ,  . 
Red-ware  rolled,  D. 
Red-ware,  D.  . 

1  in  60 

>  > 
)  > 

!  J 

4  10 

5  58 

6  34 

6  15 

7  15 

[Water  ] 
1  level  1 
I  with  > 
1  head  1 
[of  pipe; 

>  1 

)  7 

>  ) 
)  > 

•  • 

*  • 

*  • 

•  ■ 

351 

251 
228 
238 
206 

*  • 

5  to  3-52 
5  to  3-24 
5  to  3"39 
5  to  2*93 

85,  From  this  evidence  it  appears,  then,  that  by  these  means  an 
increase  of  velocity  of  one-fourth  may  be  given  to  the  general  sweep  of 
water  and  the  rate  of  discharge  of  all  foecal  matters  from  beneath  the 
site  of  towns?— Yes,  that  is  so. 

n2 
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Experience  of  tubular  Drainage  in  Poplar. 


Mr.  ootto.  86.  What  would  be  the  price  per  foot  of  4-inch  pipes  of  the  improved 
manufacture  (with  compression)? — Four-inch  red  earthenware  pipe 
could  he  manufactured  in  large  quantities  for  about  \^d.  or  2c?.  per 
foot. 

87.  Will  you  give  any  points  of  information  you  possess  as  to  the  run 
of  water  through  drains  or  sewers  in  the  district  of  the  East  London 
Company  on  the  days  when  the  water  is  laid  on  as  compared  with  the 
days  when  the  water  is  not  laid  on  ? — I  have  not  had  an  opportunity  of 
furnishing;  this  information. 


Mr.  John  Morris,  examined. 

Mr. Morris.  J.  What  position  do  you  hold? — I  am  surveyor  of  highways  of  the 
parish  of  Poplar,  and  hold  an  appointment  under  the  Metropolitan 
Commission  of  Sewers. 

2.  The  Metropolitan  Sanitary  Commissioners  are  desirous  of  ascer- 
taining what  extra  quantity  of  water  will  be  required  beyond  the 
common  supplies  for  house-drainage  under  the  improved  system. 
Have  you  not  within  your  district  a  block  of  houses  which  has  been 
drained  with  tubular  drains? — Yes;  between  20  and  30  blocks  of 
houses. 

3.  Will  you  give  a  specimen  of  one? — Yes;  there  is  a  block  of  12 
houses  which  has  been  drained  with  4-inch  glazed  pipes  leading  to  a 
6-inch  drain  in  the  road.  These  houses  are  supplied  by  the  East 
London  Waier-works,  on  the  intermittent  system,  and  the  drains  have 
been  12  months  in  action. 

4.  Have  you  the  opportunity  of  seeing  that  they  discharge  all  matter 
coming  into  them  by  the  ordinary  quantity  of  soil-water  so  as  to  keep 
the  drains  quite  clean?— Yes;  and  yet  the  water  is  only  thrown  into 
the  soil-pans  not  regularly  laid  down,  so  that  they  are  under  that  dis- 
advantage, and  still  they  answer,  although  one  of  the  drains  was  stopjied 
for  want  of  water. 

5.  Has  each  hous*  a  soil-pan  apparatus  ? — Soil-pan  and  trap,  but  still 
it  is  imperfect,  inasmuch  as  the  water  has  to  be  thrown  down,  and 
where  water  has  to  be  taken  to  it  it  does  not  get  attended  to. 

6  Is  this  common  drain  laid  under  the  road  ?— Yes ;  a  6-mch 
drain  was  laid  down  under  my  direction  in  the  road,  and  has  acted 

perfectl^y^^^^  method  would  there  not  have  been  a  brick  drain 

carried  through  the  house  ?— Yes  ;  there  would  have  been  a  9-inch 
brick  drain,  and  that  would  inevitably  have  been  stopped.  In  a  house 
of  my  own  a  brick  drain  has  been  twice  cleansed  in  the  course  of  seven 
years,  and  I  have  just  laid  down  a  tubular  drain  instead  of  U,  as  1 
found  the  water  was  settling  under  the  foundation  of  the  house. 

8.  Then  a  9-inch  drain,  which  was  required  by  the  Bmlding  Act, 
wotild  inevitably  hare  been  stopped  up,  while  the  improved  kind 
with  the  same  snpplv  of  water  kept  clear?— I  may  observe  as  respects 
the  old  brick  drains  that  the  smell  is  so  bad  in  some  houses  that  the 
doors  and  windows  were  compelled  to  be  opened  in  consequence  of  the 
brick  drains  being  under  the  floors. 

9  Have  vou  tried  these  new  4-inch  tubular  house-drams,  laid  (town 
and'kept  in  'action  in  your  district  for  such  n  time  and  under  such  varied 
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circumstances  as  to  leave  you  no  doubt  of  their  applicability  to  all  the 
drainage  within  it? — I  have  introduced  them  into  some  houses  for  the 
trustees  of  the  parish  of  Poplar,  with  wafer-closets,  and  have  received 
no  just  cause  of  complaint.  In  every  instance  where  I  have  applied 
it  I  found  the  system  answer  extremely  well  where  a  sufficient  quantity 
of  water  has  been  applied. 

10.  What  are  the  expressions  of  the  occ'ipiers  in  relation  to  the  new 
tubular  drainage? — Expressions  of  great  satisfaction  :  they  have  now 
no  smells  on  the  premises,  and  that  they  feel  better  in  health. 

11.  In  the  particular  block  of  houses  you  mentioned,  what  would  be 
the  expense  of  draining  from  six  houses  by  one  4-inch  pipe,  as 
compared  with  the  prices  of  draining  laid  down  upon  the  old  method  ? 
— About  two-thirds  less. 

■  12.  And  there  is  the  saving  of  not  only  the  length  required  for 
carrying  the  drain  through  the  front  of  the  house  to  the  centre  of  the 
street,  but  also  a  saving  in  the  distributory  apparatus  for  Ihe  water? — 
Yes. 

•  13.  Then  this  double  plan  just  exhibits  the  different  modes  of  drain- 
age under  the  old  system  and  that  of  the  Metropolitan  Sewers  Com- 
mission. Can  you  describe  the  sanitary  effects  of  this  improved  drainage  ? 
— There  is  no  comparison  between  them  ;  so  decided  is  the  advantage 
of  the  improved  method,  as  before  stated. 

14.  What  are  the  observations  of  the  householders  as  to  the  effect 
of  the  new  drainage? — The  answer  has  invariably  been,  that  they  and 
their  families  have  been  better  in  health;  that  they  were  formerly 
annoyed  with  smells  and  effluvia,  from  which  they  are  now  quite  free. 

15.  Of  course  access  to  the  backs  of  the  premises  for  the  repair  of 
the  drains  or  the  service  pipes  for  the  distribution  of  water  would  be 
sometimes  required.  Have  you  experienced  anything  that  would 
suggest  to  your  mind  that  obstacles  w^oukl  be  placed  in  the  way  of 
carrying  out  the  system  of  drainage  requiring  such  access  ?— think 
>iot  now,  though  there  would  have  been  formerly,  the  public  not 
having  had  the  experience  of  the  improvement.  I  now  think  the  public 
are  prepared  to  go  with  the  authorities  iti  carrying  out  a  complete 
system  of  back  drainage. 

16.  Since  the  new  drainage  has  been  laid  down  has  there  been  fre- 
quent occasion  to  go  on  the  ground  to  examine  it  ?— In  this  case  there 
has  been  only  occasion  to  go  to  it  once  for  the  whole  year,  and  that  was 
from  the  inefficiency  of  the  water  service. 

17.  And  the  whole  district  might  then  have  been  drained  in  the  same 
way  with  as  little  relative  demand  for  the  inspection  of  back  premises  >> 

one  mstance  examination  was  requisite,  and  it  was 
there  found  that  rags  had  been  thrown  down  and  had  got  into  the  pipe 
and  further  that  very  little  water  had  been  used,  so  that  the  stoppage 
was  the  fault  of  the  tenant,  not  of  the  system.    In  this  case  the  rain- 
water is  carried  away  by  a  separate  drain. 

18.  Have  you  considered  what  would  be  the  advantage  of  a  constant 
supply  of  water  to  these  soil-pans  ?— Yes.  It  would  in  my  opinion 
be  a  savmg  of  one  half  the  water,  and  the  soil-pans  and  drains  under 
the  improved  system  be  less  liable  to  stoppage.  I  have  found  it  answer 
veiy  well  where  it  has  been  applied  to  some  of  the  water-closets. 

ly.  fcven  supposing  that  there  were  no  improvement  in  the  population 
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itr.  Morris,  themsclves  nor  iti  their  habits,  judging  from  the  practical  experience 
now  obtained,  would  the  occasional  stoppages  and  obstructions  result- 
ing from  carelessness  or  willingness,  countervail  the  advantages  of  the 
system? — Certainly  not.  It  has  been  applied  to  houses  in  Bromley 
St.  Leonards.  The  inhabitants  were  poor  Irish  people,  and  not  pre- 
pared] by  their  habits  for  such  improvements,  but  the  plan  answers, 
although  the  supply  of  water  is  very  ill  applied. 

20.  What  sized  butts  are  usually  used  for  this  poor  class  of  houses  ? 
— 4  feet  by  2  or  thereabouts,  holding  about  54  gallons. 

21.  From  what  you  have  observed  of  the  population,  do  you  think 
they  use  the  whole  of  the  contents  of  such  a  butt  each  day? — I  think 
not  so  much. 

22.  Then  if  there  were  a  constant  supply  of  water  carried  into  each 
house,  there  would  not  be  more  than  40  or  50  gallons  used  each  day  ? 
— I  think  not. 

23.  It  is  stated  that  in  the  district  about  200  gallons  per  house  is 
pumped  in  three  times  a-week.  Does  it  not  follow  from  your  statement  of 
the  sizes  of  the  butts  and  the  quantities  consumed,  that  the  greater  pro- 
portion of  the  water  now  pumped  into  the  district  must  be  pumped 
to  waste  ? — Yes  ;  quite  one  half  :  all  parties  coincide  in  saying  that  full 
one  half  is  now  wasted. 

24.  Then  you  think  that  no  additional  quantity  of  water  will  be 
required  in  your  district? — Not  to  the  houses  already  supplied.  All 
that  is  required  is  a  dilferent  mode  of  application. 

25.  I  believe  there  is  very  little  paving  in  your  district  ? — No  ;  water 
would  not  be  required  for  surface-cleansing,  only  for  road-watering. 

26.  What  amount  of  water  do  you  use  for  that  purpose  ? — 28,000 
gallons  daily  for  the  last  season,  which  was  15  days,  over  a  space  of 
50,000  yards,  supplied  at  a  cost  of  5*.  6c?.  per  100  yards  for  the  season, 
six  months. 

27.  What  is  the  largest  single  block  of  houses  in  your  district  drained 
by  tubular  drains?  — 150  houses,  through  a  6-inch  earthenware  out- 
fall pipe  not  glazed. 

28.  Do  all  the  houses  drain  into  it? — They  do  ;  the  drains  are  all 
old  drains.  The  150  houses  drain  into  it,  and  about  10  of  them  have 
water-closets. 

29.  How  is  this  earthenware  pipe  laid  down  ? — It  was  laid  down 
without  any  care,  and  connected  with  a  14-inch  drain  from  the  houses,  and 
when  it  was  accidentally  stopped,  from  the  pipe  having  broken,  it  was 
found  that  this  drain  had  been  in  use  for  17  years.  All  the  drainage 
of  this  large  block  of  houses  must  have  been  gradually  carried  into  it 
in  the  course  of  years. 

30.  What  is  the  quality  of  the  water  supplied  by  the  Company  in 
your  district  ? — It  is  hard,  and  a  sediment  is  produced  in  the  cisterns; 
2  or  3  inches  of  deposit  collect  in  the  course  of  a  short  time. 

31.  What  do  you  pay  for  this  supply  ? — About  4*.  per  room,  and  for 
a  3  or  4  roomed  house  about  3.?.  6fl?.  a  room. 

32.  Supposing  the  water  were  properly  distributed,  would  any 
additional  supply  be  required? — I  think  not  for  the  East  of  London. 

33.  Have  you  noticed  the  effect  of  these  permeable  drains  when 
there  is  no  rainfall  ? — I  have  seen  the  water  under  the  basement- 
floors  of  hpuses,  arising  partly  of  the  waste  of  the  water  pumped  in. 
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34.  Therefore  the  waste  at  present  is  worse  than  useless? — ^Yes ;  Mr, 
for  it  only  creates  dampness  in  the  yards  and  houses. 

35.  Will  you  give  the  contrast  in  prices  of  the  construction  of  new 
impermeable  drainage  with  the  permeable  drainage,  and  contrast  that 
with  what  it  will  be  before  the  change  of  system  ? — I  applied  some 
years  since  to  the  old  Sewers  Commission  to  drain  a  district  in  the 
Tower  Hamlets,  and  for  main  drains  alone  for  some  600  or  700 
houses  they  asked  4000^. ;  that  would  have  been  at  a  rate  of  charge, 
with  the  private  drains,  altogether,  of  nearly  10/.  a  house  ;  under  the 
present  system  not  only  could  the  main  drains  be  made,  but  the 
private  impermeable  drains  also,  complete,  at  5/.  a  house. 

36.  By  the  new  system  is  not  the  smell  from  the  drains  prevented  in 
houses? — Yes;  I  have  inquired  of  the  tenants  of  the  house  where 
the  drains  have  been  reconstructed  under  the  new  system,  and  they 
inform  me  the  smell  is  abated. 

37.  Then  you  agree  with  other  surveyors  as  to  the  best  observa- 
tions which  have  been  made  with  regard  to  the  waste  of  water? — They 
coincide  precisely  with  my  own  views. 

38.  Do  you  think  that  as  much  water  as  200  gallons  per  house  can 
be  required,  even  where  a  portion  of  the  water  would  be  needed  for 
water-closets  or  for  road-watering? — I  think  not. 

39.  Theh  you  concur  in  the  opinions  expressed  upon  these  points 
by  other  assistant  surveyors,  that  if  the  water  pumped  in  were  pro- 
perly distributed  under  a  system  of  constant  supply,  properly  applied 
to  an  appropriate  system  of  tubular  drains,  no  additional  quaiuities 
would  be  needed  either  for  domestic  use,  or  for  the  flushing  of  drains 
or  sewers,  or  for  road-watering? — The  present  quantity  would  certainly 
be  ample. 


Mr.  J.  Medworth  examined.  Mr. 

Medwortli. 

Have  you  not  been  engaged  in  carrying  out  experimental  trial-works 
under  the  Metropolitan  Commission  of  Sewers  ? — I  have. 

Among  other  trials  have  you  tried  the  quantity  of  water  requisite  for 
soilpans  of  different  forms  and  constructions  ? — I  have. 

What  is  the  least  quantity  of  water  required  to  carry  away  the  soil 
from,  and  keep  clear,  a  syphon-pan  as  at  present  constructed?^ — I  have 
found  a  gallon  on  an  average  sufficient. 

How  much  more  is  required  for  pans  of  other  construction  ? — Some- 
times, even  with  repeated  flushes,  there  was  a  difficulty  in  keeping 
them  clear,  but  it  mainly  depended  on  the  way  in  which  the  water  was 
admitted  to  the  inner  surface  of  the  pan. 

Then,  with  any  quantity,  some  pans  will  not  keep  themselves  clean  ? 
— In  some  pans,  as  constructed,  it  would  require  a  very  large  amount  of 
water  to  ensure  a  perfect  clearance  of  the  contents. 

You  have  seen  that  the  syphon-pans  will  keep  themselves  clean  ? — 
Yes :  those  of  the  commonest  description — those  made  of  brown  stone- 
ware. 

Will  you  put  in  a  diagram  of  the  same  ?— This  form  of  basin  I  have 
lound  to  be  the  best  kind,  where  there  is  no  pan  or  dish  used. 
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t.<h!orti>.  .   Have  you  not  reason  to  believe  that  the  form  and  application  of  the 
—     jet  are  still  capable  of  improvement  even  for  the  action  of  the  syphon- 
pan  ? — Yes. 

Would  it  not  be  better  to  admit  the  water  in  the  front?— I  think  not. 
There  is  soil  to  be  removed  from  the  back  of  the  basin,  which  would 
not  be  reached  by  the  water  if  admitted  in  the  front. 

You  think  further  experiments  necessary  for  the  proper  adjustment  of 
this? — Certainly.  I  think  that  the  closet  experiments  at  Greek-street 
were  not  carried  out  sufficiently,  but  I  am  satisfied  that  a  gallon  of  water 
would  suffice. 

Then  in  a  family  of  five  persons  5,  6,  or  7,  or  10  gallons  at  most, 
would  certainly  be  sufficient  ? — Certainly ;  particularly  taking  into  con- 
sideration the  quantity  of  slops  that  would  be  thrown  down. 

But  is  not  the  escape  of  gas  more  frequent  from  other  pans  than  from 
the  syphon-pan,  as  stated  by  Mr.  Crump,  of  Derby  ?— Generally  so. 

But  they  require  less  water  ? — They  do ;  half  that  is  required  for  the 
syphon  would  be  sufficient  for  the  pan-closet. 

Of  course  you  would  support  the  syphon-pan  as  most  fitted  for  popular 
use  ? — Certainly ;  in  consequence  of  the  simplicity  of  the  arrange- 
ments. 

Both  for  cheapness  and  completeness? — Yes;  except  that  in  the 
syphon-pan  arrangement  there  is  a  larger  expenditure  of  water. 

Among  other  things,  were  you  not  directed  to  try  the  flow  of  water 
from  pipes  of  different  constructions — some  formed  with  pressure  and 
some  formed  in  the  common  way  ? — I  was. 

Did  you  not  find  that  making  the  pipes  smooth  in  the  interior  gave 
an  increase  of  velocity  of  a  third  or  fourth  through  a  3-inch  pipe? — I 
did.  These  experiments  were  made  with  red-ware  pipes,  smooth,  but 
not  glazed. 

What  quantity  of  water  would  be  discharged  through  a  3-inch  pipe 
on  an  inclination  of  1  in  120  ? — Full  at  the  head,  it  would  discharge 
100  gallons  in  three  minutes,  the  pipe  being  50  feet  in  length.  This 
is  with  stone-ware  pipe,  manufactured  at  Lambeth.  This  applies  to  a 
pipe  receiving  water  only  at  the  inlet,  the  water  not  being  higher  than 
the  head  of  the  pipe. 

What  would  be  the  rate  of  discharge  supposing  the  whole  100  gallons 
to  pass  through  the  drain  from  the  back  to  the  front  of  the  house, 
say  some  60  feet,  and  how  soon  would  the  water  be  clear  of  the  pre- 
mises?— All  that  could  be  swept  away  by  100  gallons  would  be  dis- 
charged clear  of  the  house  at  tlie  rate  I  have  already  stated. 

What  would  be  the  power  of  sweep? — Sufficient  to  remove  any  and 
even  more  than  ordinary  and  usual  semi-fluid  deposit  that  is  found 
in  house-drains;  that  is,  supposing  the  whole  of  the  100  gallons  was  to 
be  discharged  in  the  time  stated. 

What  water  was  this  ? — ^Sewage-water,  of  the  full  consistency,  and 
it  was  discharged  so  completely,  that  the  pipe  was  perfectly  clean. 

At  the  same  inclination  what  would  a  4-iuch  pipe  discharge  with  the 
same  distances  ? — Twice  the  amount  (that  I  found  from  experimeiit)  ; 
or,  in  other  words,  100  gallons  would  be  discharged  in  half  the  time. 
This  likewise  applies  to  a  i)ipe  receiving  water  only  at  the  inlet,  and  of 
not  greater  height  than  the  liead.  In  these  cases  the  section  of  the  stream 
is  diminished  to  about  half  the  area  of  the  pipe. 
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Then  a  4-inch  pipe  will  discharge  a  24  hours'  supply  of  sewage- 
water  a  distance  of  50  feet  in  a  minute  and  a  half? — Yes;  taking  the 
24  hours'  supply  to  be  100  gallons. 

Did  you  not  try  the  force  of  this  discharge  with  sand?  and,  if  so,  with 
what  proportions? — Yes,  with  sand  in  proportion  of  from  1-I6th  to 
l-40th  the  volume  of  the  water,  and  the  whole  was  entirely  removed. 

But  the  different  construction  of  the  pipe  with  respect  to  smoothness 
will  make  full  a  fourth  difference  in  the  rate  of  velocity  ?— Yes  ;  with  the 
red-ware  pipes  formed  by  pressure,  the  accelerated  velocity  due  to  regu- 
larity of  form  and  smoothness  of  surface  was  one-fourth. 

What  pipes  did  you  use  in  these  experiments? — In  some  experi- 
ments, including  those  previously  referred  to,  we  used  red-ware  pipes, 
but  principally  glazed  stone-ware  pipes  were  used  in  the  experiments  at 
Greek-street. 

Have  you  not  found  that  exactitude  in  the  make  is  more  important 
than  the  glaze? — Yes,  the  exactness  of  form  and  accuracy  of  joint 
are  very  important,  so  that  the  pipes  may  run  into  each  other  and  form 
a  complete  cylinder.  As  an  instance  of  the  importance  of  exactness  of 
joint,  I  had  a  case  happen  at  one  of  my  houses  within  the  last  few  days. 
The  tenant  complained  of  the  stoppage  of  the  drain  from  the  closet,  &c. 
Upon  sending  a  man  to  make  an  examination,  it  was  found  that  the 
trap  contained  several  oyster-shells,  and  one  had  been  discharging  into 
the  drain,  where  it  was  arrested  by  an  imperfectly  formed  joint. 

Then  you  found  on  experiment  that  this  exactness  of  form  expedited 
the  discharge  full  one-fourth  ? — Yes.  As  before  stated  in  the  case  of 
the  red-ware  pipes. 

Have  you  tried  the  eflfect  of  junctions  on  the  main? — Yes. 

Suppose  two  of  these  4-inch  pipes  were  joined,  what  would  be  the 
velocity  gained  by  junction  into  a  main  ? — At  an  inclination  of  1  in  60 
the  increased  discharge  would  be  in  some  cases  nearly  double ;  that  is, 
the  single  pipe  will  deliver  84  gallons  per  minute ;  the  addition  of 
another  similar  4-inch  pipe  will  increase  the  discharge  to  162  gallons 
per  minute.  The  discharge  will  vary,  dependent  upon  the  position  of  the 
junction  on  the  main  line;  the  further  from  the  head  or  inlet,  the  greater 
the  discharge. 

Before  these  experiments  were  made,  were  there  not  various  hypothe- 
tical formulae  proposed  for  general  use  ? — Yes. 

What  would  these  formulae  have  given  with  a  3-inch  pipe,  and  at  an 
inclination  of  1  in  100?  and  what  was  the  result  of  your  experiments 
with  the  3-inch  pipe? — The  formulae  would  give  1  cubic  feet,  the  actual 
experiment  gave  11^  cubic  feet;  converting  it  into  time,  the  discharge 
according  to  the  formulae,  compared  with  the  discharge  found  by  actual 
practice,  would  be  as  2  to  3. 

Or,  putting  it  into  another  form,  if  there  were  a  given  quantity  of 
detritus  or  faeces  to  be  removed,  it  would,  according  to  the  formula, 
rc([uire  nearly  double  the  quantity  of  water  that  was  found  absolutely 
requisite  in  practice  ? — The  proportionate  discharges  were  found  to  be 
as  2  to  3,  therefore  the  power  required  would  be  in  those  ratios. 

How  would  it  be  with  a  4-inch  pipe?~The  formula  would  give  about 
14*7  cubic  feet  per  minute,  whereas  practice  gave  23  cubic  feet  per 
mmute. 

Take  the  case  of  a  6-inch  pipe  of  the  same  inclination? — The  result, 
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according  to  Mr.  Hawkesley's  formula,  would  be  40^-  cubic  feet 
per  minute ;  from  experiment  it  was  found  to  be  G3^  cubic  feet  per 
minute. 

Will  you  convert  that  into  time,  and  consider  the  6-inch  pipe  as  a 
small  branch  sewer?  Within  what  time  would  100  gallons  be  dis- 
charged at  the  same  inclination  over  50  feet?— It  would  be  discharged 
in  15  seconds. 

That  is  to  say,  that  the  actual  experiments  prove  how  much  less  water 
can  be  made  to  suffice  than  these  formulae  prescribe  ? — Precisely  so. 

Then  with  respect  to  mains  and  drainage  over  a  flat  surface,  the 
result  of  course  becomes  of  much  more  value  as  the  difference  proved  by 
actual  practice  increases  with  the  diminution  of  the  inclination  ? — Cer- 
tainly, to  a  very  great  extent.  For  example,  the  tables  give  only  14*2 
cubic  feet  per  minute  as  the  discharge  from  a  pipe  6  inches  diameter, 
with  a  fall  of  1.  in  800 ;  practice  shows  that,  under  the  same  conditions, 
47 '  2  cubic  feet  will  be  discharged. 

Will  you  give  an  example  of  the  practical  value  of  this  when  it  is  re- 
quired to  carry  out  drainage  works  over  a  very  flat  surface? — An  incli- 
nation of  1  in  800  gives  only  14  cubic  feet  per  minute  according  to 
theory,  while,  according  to  actual  experiment,  and  with  the  same  inclina- 
tion, 47  cubic  feet  are  given. 

Then  this  difference  may  be  converted  either  into  a  saving  of  water 
to  effect  the  same  object,  or  into  power  of  water  to  remove  feculent 
matter  from  beneath  the  site  of  any  houses  or  town  ? — It  may  be  so. 

And  also  the  power  of  small  inclinations  properly  managed  ? — Yes. 
For  example,  if  it  was  required  to  construct  a  water-course  that  should 
discharge  say  200  cubic  feet  per  minute,  the  formula  would  require  an. 
inclination  of  1  in  60  =  2  inches  in  10  feet ;  whereas  experiment  has 
shown  that  the  same  would  be  discharged  at  an  inclination  of  1  in  200, 
equal  to  -Iths  of  an  inch  in  10  feet,  thus  effecting  a  considerable  saving 
in  excavation,  or  a  smaller  drain  would  suffice  at  the  greater  inclination. 
The  practical  importance  of  knowing  the  precise  value  of  inclination  is 
incalculable,  and  will  be  found  so  in  laying  down  drainage  for  a  flat 
district,  or  through  loose  and  wet  soils,  where  the  extra  labour  in  exca- 
vating the  last  few  inches  in  depth  to  obtain  a  given  level  will  often 
exceed  in  cost  as  many  feet.  I  have  frequently  met  with  such  cases. 
To  name  one,  I  will  state  that,  during  the  progress  of  a  sewer  contract 
I  had  in  1842  for  the  Commissioners  of  the  Holborn  and  Finsbury 
district,  the  depth  of  the  trench  was  about  9  feet,  and  perfectly  dry ; 
the  cost  for  labour  was  9>d.  per  cubic  yard  ;  the  invert  of  the  sewer, 
according  to  the  levels  given  by  the  surveyor,  required  to  be  about  6 
inches  lower,  and  this  proved  to  be  in  a  running  sand  of  the  most  trou- 
blesome nature,  and  cost  me  at  the  least  10*.  per  yard  in  the  removal 
before  the  invert  could  be  laid  down. 

Then  all  these  experiments  tended  to  the  reduction  of  the  quantity  of 
water  necessary  to  effect  good  cleaning,  and  removal  of  soil  and  matter 
held  in  suspension  ? — It  would. 

And  render  more  manageable  works  of  drainage  with  comparatively 
small  power,  and  make  it  more  efficient  and  much  cheaper,  with  pro- 
perly constructed  machinery? — Yes. 

Mr.  Hawkesley's  tables  are,  I  believe,  taken  as  embodying  the  cur- 
rent and  most  recent  formulae  before  the  institution  of  the  trial-works, 
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and  were  in  practical  use  by  engineers,  &c.  ?— They  were  of  the  highest  ^Jj-^^^^ 
authority  ;  but  the  results  I  have  given  have  been  verified  by  a  variety  — 
of  experiments. 

What  junctions  did  you  try  ?— A  3-inch  junction  into  a  4-inch  main, 
and  a  3-inch  junction  into  a  Q-inch  main. 

Would  it  not  have  been  the  practice  formerly  in  making  a  junction  of 
two  3-iuch  pipes  to  have  made  the  outlet  a  6-inch  pipe  ?  —  That,  I  believe, 
would  have  been  the  general  practice. 

Will  you  state  what  you  have  found  the  practical  results  of  these 
trial-works  to  be  on  this  subject?— One  very  important  result  arrived 
at  is  the  fact  of  having  ascertained  the  precise  value  due  to  incli- 
nation, as  has  been  before  shown.  This  was  a  point  not  practically 
known  to  writers  upon  hydraulics,  if  we  may  judge  by  the  theories  pro- 
mulgated. Again,  the  actual  practical  discharge  of  water  through  pipes 
of  different  sizes  has  been  determined  upon,  together  with  the  effects  that 
junctions  on  to  a  main  line  have.  The  system  of  projecting  the  results 
of  the  experiments  by  diagram  suggests  a  ready  method  of  calculating 
the  discharge  due  from  cylindrical  water-courses.  This  has  the  authority 
of  the  late  "  Trial  Works  Committee,"  and  is,  I  believe,  recommended 
in  their  Report  recently  laid  before  the  present  Commissioners.  These 
are  a  few  amongst  the  many  practical  results  obtained  from  the  trial- 
works. 

What  are  the  practical  deductions  from  these  effects  in  respect  to 
junctions  ? — The  practical  effect  is  a  considerable  degree  of  velocity  in 
the  discharge  of  water. 

An  increase  of  velocity  in  the  discharge,  and  a  diminution  of  water  to 
effect  the  object.? — Certainly. 

Was  it  not  a  request  from  the  Trial  Works  Committee  to  carry  these 
experiments  out  further  ? — I  believe  it  was. 

Were  they  continued  after  the  change  in  the  Commission  ? — They 
ceased  on  the  retirement  of  the  late  Commission ;  and  a  few  days  after 
the  resignation  of  the  consulting  engineer  1  had  directions  to  discontinue 
the  experiments,  and  discharge  the  men  employed  on  them. 

By  whose  orders  i" — Those  of  the  chief  surveyor,  Mr.  Phillips. 

At  the  highest  ordinary  storm  rainfall,  what  extent  of  roof  would  a 
3-inch  pipe  and  4-inch  pipe  respectively  keep  clear  ? — Taking  the  rain- 
fall to  be  two  inches  in  one  hour,  a  3-inch  pipe,  laid  at  an  inclina- 
tion of  1  in  60,  would  convey  away  the  water  from  47  squares  of 
roofing  =  4700  square  feet ;  a  4-inch  pipe  under  the  same  circum- 
stances would  carry  off  the  rainfall  from  98  squares  of  roofing  =  9800 
square  feet. 

The  rate  of  house-drainage  which  it  has  been  calculated  can  be 
removed  in  three  minutes  would  of  course  be  spread  over  the  12  hours  ? 
— Yes,  over  the  day. 

Consequently,  for  all  purposes  of  soil-water,  the  size  of  drain  might 
still  further  be  reduced,  and  the  flow  of  water  required  to  keep  them 
clear  might  be  further  economized? — Yes,  as  regards  ihe  sewage,  but 
provision  must  be  made  for  the  passage  of  a  certain  amount  of  solid 
matter;  therefore  no  drain  should  be  less  thun  four  inches  diameter. 

Have  you  seeil  the  4-inch  tubular  pipes  in  various  circumstances? — 
Yes;  and  I  have  found  that  they  keep  themselves  clear;  that  is,  where 
care  has  been  taken  in  laying  them  down,  and  an  uninterrupted  outlet 
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IS  provided ;  unless,  through  the  carelessness  of  the  occupier,  substances 
that  ought  not  to  find  their  way  into  house-drains  are  thrown  down  the 
water-closet.  A  case  of  au  obstructed  house-drain  occurred  at  one  of 
my  own  houses  within  the  last  few  days.  The  tenant  complained  that 
the  water,  &c.,  would  not  leave  the  closet  and  sinks.  Upon  making  an 
examination  by  taking  up  the  pan  and  trap,  the  latter  was  found  to  con- 
tain several  oyster-shells  (which  certainly  cannot  be  considered  as  legiti- 
mate deposit).  One  had  been  discharged  into  the  drain,  and  was 
arrested  by  an  irregular  and  imperfectly  formed  joint;  it  had  thus 
become  a  nucleus  for  further  obstruction,  and  ultimately  by  a  piece  of 
house- flannel,  had  permanently  stopped  the  passage  of  the  soil,  &c.  It 
is  from  such-like  circumstances  that  prejudices  arise  against  the  adoption 
of  a  4-inch  drain.  The  above  case  would  not  cause  me  to  alter  ray 
opinion  as  to  the  efficiency  of  a  4-inch  drain. 

Would  a  3-inch  pipe  take  more  than  the  house-drainage  ? — Yes,  con- 
siderably more  fluid  than  belongs  to  the  house ;  but  I  would  not  advise 
less  than  4-inch  tubes  to  be  laid  down  for  house-drains,  as  all  the 
experiments  tried  seem  to  be  in  favour  of  a  4-inch  pipe.  In  the  3-inch 
pipe  the  area  is  too  confined  to  pass  solids,  such  as  large  pieces  of  paper, 
&c. ;  and  in  a  6-inch  pipe  the  water  is  spread  over  too  extended  an 
area.  After  four  inches  the  area  of  friction  increases  so  rapidly  as  to 
make  it  inexpedient  to  use  larger  pipes. 

Taking  a  house-drain  and  its  junctions,  will  you  state  within  what 
time  water  discharged  through  it  would  get  beyond  the  three-mile  radius 
from  the  Post-Office,  calculating  with  ordinary  falls  and  levels,  and  the 
usual  rate  of  discharge? — Suppose  the  house-drain  to  be  of  non- absorbent 
stoneware,  the  soil  and  slops  from  a  house  would  leave  the  premises  as 
fast  as  made ;  this,  delivered  into  a  main  line  of  the  same  material  and 
12  inches  diameter,  laid  Avith  a  fall  of  I  in  240,  and  running  full,  would 
deliver  the  house-drainage  beyond  the  limits  specified  in  45  minutes, 
the  velocity  of  the  stream  in  the  main  line  being  about  four  miles  per  hour. 

Since  by  back-drainage  you  save 'two-thirds  of  the  distance  of 
discharge  on  an  average,  you  increase  the  power  as  respects  the  velocity 
and  friction? — Yes. 

And  you  gain  in  that  way  in  any  escape  that  might  otherwise  occur 
of  any  of  the  gas  from  the  decomposing  matter  ? — Yes ;  in  a  well-con- 
structed drain  of  stoneware  no  substances  would  remain  to  become 
decomposed. 

With  a  system  of  tubular  drainage  where  nothing  is  allowed  to 
remain  to  decompose,  a  total  alteration  in  respect  to  the  smells  and 
nuisances  from  such  a  source  may,  of  course,  then,  be  expected  ? — Cer- 
tainly. 

It  has  been  stated  that,  in  the  case  of  new  blocks  of  houses  where 
tubular  drains  have  been  laid  down,  no  offensive  smells  are  found  to 
exist ;  does  that  agree  with  your  experience  i* — It  does,  where  sufficient 
care  is  taken  in  the  construction,  and  there  is  a  supply  of  water  to  remove 
the  contents. 

Have  you  made  any  other  experiments  than  those  contained  in  the 
Trial  Works  Report? — Yes;  the  experiments  in  the  King's  Scholars' 
Pond  Sewer  were  made  by  me.  The  tables  and  diagrams  thai  I  now 
submit  to  the  Board  are  deductions  and  calculations  made  by  me  from 
those  experiments. 
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Did  you  in  those  experiments  register  the  velocity  per  second  of  the 
water  ? — Yes ;  by  timing  a  floating  body  of  nearly  the  same  specific 
gravity  as  the  water. 

Did  you  measure  the  velocity  at  the  bottom  or  middle,  as  well  as  that 
of  the  surface  ? — No. 

What  is  the  hydraulic  mean  depth  of  a  3-inch,  4-inch,  6-inch,  and 
9- inch  pipe  respectively,  v/hen  half-full  ? — The  hydraulic  mean  depth 
in  the  3-inch  pipe  is  '749,  in  the  4-inch  pipe  1*,  in  the  6-inch  pipe 
1  •  5,  in  the  9-inch  pipe  2  •  18  inches. 

What  is  the  amount  of  friction  to  be  ascribed  to  those  pipes  re- 
spectively ? — The  frictional  line,  or  line  in  contact  with  the  water,  when 
the  pipes  are  half  full  would  be — in  the  3-inch  pipe  4 '11,  in  the  4-inch 
pipe  6 '28,  in  the  6-inch  pipe  9*42,  in  the  9-inch  pipe  14"  13  inches. 

What  must  be  the  major  and  minor  axes  of  an  ellipse  which  shall 
give  an  equivalent  hydraulic  depth  to  that  of  a  3-inch,  4-inch,  6-inch, 
and  9-inch  pipe  ? — 


Mr. 
Med  worth. 


Drains, 
inches  in 
diameter. 

Axes  of  Ellipse. 

Major. 
Inches. 

Minor. 

Inches. 

3 

3-6 

2-5 

4 

4-6 

3-5 

6 

f)'8 

5-3 

9 

10-4 

7-8 

J5 
5» 


What  amount  of  friction  would  be  due  to  each  of  those  elliptical 
sections  ? 

In  the  3-inch  pipe       .        .        .        .  9*74) 

4-inch  ,.  .  .  .  .  12'85f  inches 
6-inch  „  ....  19-13j  nearly. 
9-inch    „         .        .        .        .  28-9  J 

Did  you  make  any  experiments  on  the  flow  of  water  in  egg-shaped 
pipes  ? — No. 

Can  you  institute  any  comparison  between  egg-shaped  and  circular 
drains,  using,  as  a  term  of  comparison,  either  "  lime  of  discharge," 
"quantity  discharged,"  "  friction,"  or  "  velocity  ?"— -Not  from  actual 
experiment. 

Have  you  any  explanation  to  ofi'er  on  the  phenomena  marked  in  patre 
6  of  the  Trial  Works  Report,  relative  to  the  power  of  transport  of"a 
gallon  of  water  through  a  3,  4,  and  6  inch  pipeP-r-This  and  other 
questions  having  reference  to  the  opinions  or  statements  contained  in 
the  "  Trial  Worlds  Report,"  I  do  not  think  I  should  be  justified  iu 
offering  any  remarks  upon,  as,  in  my  capacity  as  Superintendent  to  the 
'  Irnd  Works  Committee,"  I  was  only  engaged  in  making  the  experi- 
ments, calculatin,;/  quantities,  and  projecting  the   diagrams.  The 

«^S"^V^i'r^         ^^^^^  ""^       Report  itself  exclusively  belongs  to  llie 
Inal  \Vorks  Committee,"  who  framed  that  Report. 
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Mr.         Were  the  pipes  of  the  same  length,  inclination,  charged  with  the 
Modworth.  g^jYjg  head  of  water,  and  was  the  velocity  at  the  exit  equal  ? — They 
were  equal  in  length,  inclination,  and  charged  with  the  same  quantity 
— 1  gallon  of  water  ;  the  velocity  was  not  equal,  being  dependent  upon 
the  resistance  oflPered  by  the  deposit. 

Supposing  the  impediment  to  be  removed  equal  in  weight,  what  head 
of  water  would  be  required  for  a  3,  4,  and  6  inch  pipe  resf)ectively  ? — 
Experiments  would  be  required  to  determine  the  point  involved  in  this 
question. 

To  v<'hat  velocity  does  that  level  correspiond  ;  that  is  to  say,  supposing 
lie  impediment  to  exist,  what  would  be  the  velocity  of  the  fluid  at  its 
exit  froin  each  pipe  charged  with  those  heads  of  water  respectively? — 
No  experiments  have  been  tried  which  will  enable  me  to  speak  to  this 
point. 

Did  you  find  the  power  of  transport  of  a  Cub6  foot  of  water  in  a  3, 
4,  or  6  inch  pipe  bore  the  same  ratio,  supposing  the  inclination  to 
vary  ?  Or  did  this  phenomenon  occur  only  at  one  particular  inclination  ? 
— It  was  only  tried  at  one  inclination.  A  reference  to  the  diagram  No. 
2  will  show  the  arrangement  of  this  experiment. 

How  did  you  explain  the  remarkable  fact  then  ;  an  inclination  beyond 
1  in  60  offers  far  less  advantage  than  has  been  commonly  attributed 
to  it? — I  should  be  unwilling  to  oflPer  an  opinion  upon  this  fact,  as  it 
has  been  specially  noticed  by  the  Trial  Works  Committee,  though  not 
explained  by  them. 

Have  you  the  results  deduced  from  the  experiments  in  the  Fleet 
Sewer  ? — I  have  not. 

Did  you  find  the  length  of  the  tube  made  any  diflference  in  the  velo- 
city?— In  very  many  of  the  experiments  at  Greek-street  I  noted  the 
time  that  a  floating  body  was  passing  half  the  length  of  the  tube  (50 
feet),  and  again  at  the  end  ;  but  the  total  length  (100  feet)  was  not 
sufficient  to  enable  me  to  perceive  any  appreciable  difference. 

At  page  20  you  have  given  an  ideal  section  of  the  flow  in  a  pipe  ; 
have  you  any  such  sections  from  actual  observation  ?— The  papers 
Nos.  6  and  1  contain  various  diagrams  showing  the  sections  of  the  flow 
in  pipes  of  diff'erent  areas,  and  under  varying  conditions.  The  sections 
I  now  hand  in  are  from  actual  observations ;  nearly  all  the  experiments 
I  made  can  be  projected  in  the  like  manner. 

You  say  that  each  tributary  adds  something  to  the  velocity  of  the 
main,  yet  the  addition  is  gradually  less;  what  ratio  does  the  decrease 
follow  ^— The  ratio  of  increase  or  decrease  is  dependent  upon  the  in- 
clination, also  upon  the  position  of  the  tributaries  on  the  main  line. 
Referrino;  to  the  case  of  a  line  of  pipes  of  4  inches  diameter,  laid  a  an 
inclination  of  1  in  240,  with  junctions  each  3  inches  diameter  it  will  be 
seen  by  the  subjoined  table  (page  209),  that  the  velocity  due  to  the 
main  stream  is  but  little  altered  by  the  addition  of  No.  1  Junction 
(the  section  is  increased,  and,  consequently,  the  discharge).  But 
upon  the  introduction  of  two  junctions  the  mam  Ime  becomes  filled, 
and  the  velocity  is  decreased  one-third  ;  from  this  point  the  decrease 
gradually  becomes  less,  but  to  what  extent  the  experiments  did  not 
reach. 
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Table  showing  the  Velocities  j  the  Section al'A reas ;  and  the  Discharges  ^^m.^,_ 
of  the  Flow  through  a  Main  Line  of  Pipes  4  inches  diameter  by  the  ^ 
introduction  of  Tributaries,  each  3  inches  diameter,  and  running  in 

the  following  order : —  


Main  Line 

And 
Junctions. 

Distance  of 
Junctions 
from  Head  of 
Main  Line. 

Mean  Ve- 
locity in 
Feet  per 
Second. 

Section 

in 
Inches. 

Discharge 
in 

Cubic  Feet. 

l\X&in  Xjinc. 

Feet. 

3-5 

9-3 

]  •  Junction. 

5 

3-3 

0-58 

9-67 

2.    i  Do. 

25 

1-9 

6-56 

10«16 

3.  Do. 

45 

2-3 

6-56 

12-17 

4.  Do. 

65 

2-5 

6-56 

13-33 

5.  Do. 

85 

2-9 

6'56 

15-47 

6.  Do. 

10 

2-8 

6-56 

14-93 

;.  Do. 

30 

2-9 

6-56 

15-39 

8.  Do. 

50 

3-05 

6*56 

15-8 

9.  Do. 

70 

3-09 

6-56 

16-15 

0,  Do. 

90 

3-2 

6-56 

17-12 

Diagram  illustrating  Velocity. 
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At  what  point  would  the  water  be  dammed  up  in  the  tributary 
channels  by  the  rapidly  flowing  water  in  the  main,  that  is,  after  how 
many  junctions  had  been  made? — An  inspection  of  the  diagrams 
Nos.  3,  4,  5,  will  in  some  measure  illustrate  this  question ;  it  would 
appear  that  at  an  inclination  of  1  in  240  before  the  introduction  of  any 
junctions,  the  water  is  backed  up  in  the  junctions,  owing  to  the  flow  in 
the  main  line.  There  is  no  experiment  to  show  the  point  at  which  the 
water  would  be  dammed  up  in  the  tributary  channels  by  the  water  in 
the  main. 

You  have  found  the  present  experiments  too  restricted  to  ascertain 
the  limits  of  velocity  and  distance  ;  will  you  favour  the  Board  with  an 
idea  of  the  scale  on  which  you  would  require  to  try  these  experiments, 
in  order  to  acquire  sufficient  data  to  enable  you  to  lay  down  a  theory  on 
this  subject? — The  experiments  have  been  far  too  restricted  to  enable 
any  theory  to  be  laid  down  on  the  subject ;  they  would  require  to  be 
made  with  pipes  and  channels  of  various  forms,  of  large  dimensions, 
and  various  lengths. 

"What,  approximatively,  judging  from  past  experience,  would  be  the 
cost  of  such  a  series  of  experiments? — ^The  cost  can  only  be  ascertained 
Irom  knowing  to  what  extent  the  late  Committee  would  consider  it 
necessary  to  carry  them. 

The  table,  page  26,  gives  the  increased  discharge  for  each 
additional  junction ;  what  was  the  difference  of  velocity  at  the  outlet 
when  1,  2,  3—10  junctions  were  added  ? — I  have  no  sections  of  these 
experiments  of  this  size  from  which  I  can  calculate  the  velocities  but 
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Mr.  the  following,  from  experiments  with  the  4-inch  pipes,  which  will  give 
Mddwwih.  ^Q^^  jjgj^  of      principle  of  increase  : — 

Main  Line  100  feet  in  Length,  4  incliea  Diameter ;  the  Junctions  on  to  Main  Line 
3  inches  eacli  Diameter :  Inclination  I  in  10. 


Main  mul  Number 
of  Junction, 

from  Head  of  Main 
InQuent. 

Mean  Velocity  in 
Feet  per  Second. 

Feet. 

Main. 

•  • 

8 

1. 

Junction. 

5 

9 

2. 

Do. 

10 

3. 

Do. 

43 

12 

4. 

Do. 

05 

9 

5. 

Do. 

85 

10 

*6, 

Do. 

10 

8 

7. 

Do. 

;'3o 

8 

8. 

Do. 

50 

9 

9. 

Do. 

70 

11 

10. 

Do. 

90 

12 

*  A  reference  to  the  position  of  the  junction  on  the  main  line  will  explain  tlie 

cause  of  the  diminution. 

Was  the  velocity  of  the  influent  constant  or  variable? — Constant,  if 
by  the  question  is  meant  the  head  of  water  at  the  influent. 

'Was  it  constant  among  all  the  influents  of  the  same  system? — Con- 
stant, if  the  head  of  water  at  the  inlets  is  meant. 

Have  you  seen  an  article  in  the  ' Mechanics'  Magazine'  for  9th 
December,  1849,  signed  J.  L.  Hale? — I  have ;  it  was  pointed  out  to 
me  at  tbe  time.  The  deductio7is  and  calculations  are  my  own,  and 
were  submitted  by  me  to  Mr.  Hale  (in  his  capacity  as  an  officer  of  the 
Commission)  for  his  opinion,  and  for  the  purpose  of  checking  the  cal- 
culations, as  it  was  my  intention  (at  that  time)  to  lay  the  same  before 
the  Court. 

Is  the  statement  correct  that  the  squares  of  the  discharge  are  as  the 
fifth  powers  of  the  diameter ;  and  that  in  inclinations  greater  than  1  in 
10  the  discharges  are  as  the  square  roots  of  the  inclinations? — The 
calculation  that  I  made  at  the  time  was,  that  the  discharges  of  pipes  of 
different  diameters  vary  as  the  square  root  of  the  quotient  of  the  fifth 
power  of  the  greater  diameter,  divided  by  the  fifth  power  of  the  lesser 
diameter,  multiplied  by  the  known  discharge  of  the  smaller  pipe.  The 
ratio  of  discharge  due  to  greater  inclinations  than  1  in  70  is  as  the 
square  root  of  the  inclination.  These  deductions  I  arrived  at  from  and 
after  a  careful  investigation  of  the  results  found  by  the  experiments. 
Mr.  Hale,  writing  without  data  before  him,  is  in  error  in  respect  to  the 
"simple  head  of*22  inches"  giving  the  same  result  as  that  "accruing 
under  the  circumstances  of  the  junctions,"  as  is  shown  by  the  diagram 
of  the  discharge  through  a  6-inch  pipe,  with  increasmg  heads :  about 
14  inches  head  (above  the  centre  of  the  pipe)  wdl  give  an  equivalent 
result.  It  is  in  the  case  of  a  4-inch  pipe  that  a  "  head  of  22  inches 
has  been  found  to  correspond  with  the  results  from  junctions. 

Will  vou  throw  some  of  your  results  into  a  tabular  form,  lUustratuig 
bv  the  rnethod  of  ordinates  and  abscissre  the  results  set  forth  m  Mr. 
Hale's  paper  ?— The  diagrams  now  produced  are  copies  of  the  original 
ones  projected  by  me.    (See  No.  1.) 
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Have  you  made  any  experiments  on  the  influence  of  material  of  the  j^^^  Mr-^j^ 
pipes  in  accelerating  or  retarding  the  flow  ?— A  partial  experiment  was 
tried  at  Greek-street ;  the  pipes  used  were  red  ware  and  glazed  stone- 
ware, each  3  inches  diameter.    The  velocity  was  much  greater  in  the 
glazed  stoneware  pipes.  _ 

Did  you  register  atmospheric  temperatures  and  pressures  during  your 

experiments  ?— I  did  not.  -or 
Was  the  same  watch  employed  .throughout  all  the  experiments  r  — It 

was. 

Was  it  day  by  day  compared  with  a  standard  regulator?— No. 

Can  you  indicate  any  disturbing  forces  as  probable  causes  of  error  in 
any  of  your  experiments?— Whenever  any  material  discrepancy  occurred 
it  would  be  in  consequence  of  the  difficulty  in  maintaining  the  precise 
head  of  water  at  the  inlet.  In  all  such  cases  the  observations  were  care- 
fully repeated. 

Have  you  any  remarks  to  offer  on  the  general  character  of  your  ex- 
periments?—I  consider  them  to  be  practically  correct.  Nothing  ap- 
proaching to  mathematical  accuracy  could  of  course  be  expected  to  be 
arrived  at  in  this  series  of  experiments,  but  I  consider  they  will  supply 
sufficient  data  (as  far  as  they  go)  for  all  practical  purposes. 

What  further  experiments  do  you  think  it  would  be  desirable  to  make? 
—  Full  experiments  were  tried  with  pipes  ranging  only  up  to  6  inches 
diameter,  and  partially,  only,  with  pipes  ranging  from  6  to  12  inches 
diameter.  It  would  be  exceedingly  desirable  that  these  experiments 
should  be  extended  up  to  the  very  largest  sizes,  and  varied  in  every  pos- 
sible way,  so  that  safe  and  practical  rules  might  be  arrived  at  for  the 
larger  classes  of  sewers,  without  having  to  resort  to  formulae  based  upon 
the  result  of  experiments  with  tubes  of  small  diameter. 

Will  you  furxiish  the  Board  with  drawings  of  your  apparatus  and 
account  of  the  cost  of  the  whole  detail  ?— The  cost  of  the  experiments  I 
have  no  means  of  ascertaining;  the  secretary  alone  can  answer  this 
the  question. 

You  have  observed  the  action  of  small  4-inch  tubular  house-drains  ; 
do  you  find  it  necessary  in  practice,  for  cleanliness  and  efficiency,  to  keep 
such  drains  constantly  running,  or  flushed  out  at  frequent  periods,  to 
prevent  the  hardening  of  deposit?  Have  you  found  any  tendency  to 
deposit  in  them  with  the  present  supply  of  water  ?  — I  have'  in  numerous 
cases  observed  small  tubular  drains  which  have  acted  and  continue  to 
act  perfectly,  with  the  ordinary  supply  of  water.  I  have  not  found  that 
the  water  is  required  constantly  to  run  through  them,  or  that  they  require 
frequently  flushing.  There  is  no  tendency  to  deposit  in  them,  the  ordinary 
supply  of  water  keeping  them  perfectly  clean.  In  these  cases  there  was 
a  free  outlet,  the  tubes  were  properly  laid  down,  and  no  impediment  at 
the  joints.  I  would  further  remark  that,  upon  all  occasions  where  I 
have  been  able  to  investigate  the  cause  of  obstruction  in  a  small  drain, 
I  have  invariably  found  it  to  proceed  from  substances  such  as  shells, 
broken  earthenware,  sticks,  «&c.,  becoming  fixed  at  the  sock-joints ;  this 
soon  forms  a  complete  dam  across  the  tube,  and  the  drain  is  choked ; 
and  no  ordinary  power  or  quantity  of  water  that  could  be  sent  down  by 
flushing  would  be  sufficiently  effective  to  remove  the  compact  mass ;  tha 
only  method  to  relieve  it  is  by  breaking  up  the  drain.  I  would  strongly 
recommend  the  use  of  pipes  conical  at  the  end,  the  end  of  the  one  pipe 
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Mr,      going  into  the  head  of  the  other-,  here  the  liability  of  stopnaffc  is  all  but 

  impossible. 

Take  the  case  of  a  large  brick  drain  at  the  same  inclination  as  the 
small  tubular  drain,  what  do  you  find  in  practice?  — In  the  lartre  brick 
drain  1  find  as  the  result  deposit  constantly  accumulating,  which  the 
ordinary  supplies  of  water  are  wholly  inadequate  to  prevent.  The  water 
tlrat  does  not  escape  through  the  open  or  imperfectly  made  joints  of  the 
brickwork  is  rendered  almost  inoperative  by  being  spread  over  a  large 
area. 

Then  the  inference  is,  that  with  the  present  supply  of  water  the  small 
tubular  drain  would  be  self-acting,  and  that  the  large  brick  drain  would 
require  a  constant  flushing  power  to  remove  the  accumulated  deposit  ?— 
Yes,  such  would  undoubtedly  be  the  case;  as  the  house-drains,  where 
there  is  a  water-closet  attached,  are  periodically  under  the  influence  of 
flushing,  by  the  use  of  the  closet  and  the  emptying  of  slops  in  the  course 
of  the  day.  On  washing-days  sudden  rushes  of  water  thrown  down  the 
sinks  furnish  a  very  powerful  means  of  flushing  and  removing  obstruc- 
tions ;  and  every  shower  of  rain,  where  the  stack-pipes  are  judiciously 
placed  in  reference  to  the  house-drains,  is  a  powerful  concomitant  to  the 
efficiency  of  a  non-ahsorhent  tubular  system  of  drainage,  in  which  not 
the  least  quantity  of  water  that  finds  its  way  into  the  drain  will  be  use- 
lessly expended. 

It  is  clear  to  you  then  that  the  small  tubular  system  of  drainage  will 
require  a  much  less  quantity  of  water  than  is  required  for  the  existing 
system  of  brick  drains? — Yes,  quite  so.  In  practice  we  invariably  find 
such  to  be  the  case ;  as  in  the  tubular  system  the  whole  of  the  water 
that  is  sent  down  the  drain  would  be  brought  to  act  upon  the  deposit, 
which  would  be  suspended,  and  thus  prevented  from  accumulating  ;  on 
the  contrary,  in  brick  drains  very  little  of  the  fluid  finds  its  way  to  the 
outlet  of  the  drain  into  the  sewer,  being  absorbed  by  the  material  of 
which  the  drain  is  composed— generally  of  place  (or  imperfectly  burnt) 
bricks— or  percolating  through  the  numerous  open  joints  of  the  brick- 
work, leaving  the  more  solid  portion  of  the  sewage  to  become  indurated, 
and  ultimately  to  choke  the  drain. 


Mr.  William  Baddeley. 
Mr  1.  You  are,  I  believe,  an  engineer?— Yes,  and  for  four  years  I  have 

Baddeley.    been  Inspector  to  the  Society  for  the  Protection  of  Life  from  Fire. 

  2.  Then  you  have  attended  many  fires? — I  do  constantly,  and  have 

done  so  for  the  last  30  years.  I  have  given  a  great  deal  of  consideration 
to  the  subject  of  water  supply  at  fires  during  the  last  30  years,  and  have 
been  in  early  attendance  at  all  the  principal  fires  in  the  metropolis 

during  that  period.  ,    ,  •  j 

3.  Between  the  time  of  alarm  of  fire  being  given,  and  a  brigade  engine 
being  brought  to  bear,  what  time,  with  the  present  arrangement,  elapses 
before  the  engine  is  on  the  spot?— At  Islington,  where  I  reside,  the 
time  might  be  about  40  minutes;  but. in  the  City,  where  the  stations 
are  closer  together,  the  time  would  be,  I  should  say,  from  la  to  20 
minutes ;  there  would  be  3  minutes  for  mustering  the  policemen,  and 
the  engine-station  would  be,  say  10  minutes  ofl';  in  5  or  6  minutes 
the  engine  would  be  got  out,  and  then  5  minutes  would  elapse  belore  it 
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was  on  the  spot.  The  turncock  is  most  probably  on  the  spot  first  so  Mr.^^^^ 
that  23  minutes  altogether  would  be  a  fair  average  time  in  any  dis-  „_ 

4"  What  proportion  of  fires  do  you  think  might  he  avoided  by  the 
adoptionof  efficient  means?— The  number  of  fires  last  year  was  838; 
and  if  there  had  been  the  means  of  applying  water  immediately,  two- 
thirds  of  them  would  have  been  stopped  immediately, 

5  Would  you  say  that  the  means  of  applying  water  in  adequate 
quantity  within  5  minutes  of  the  commencement  of  a  fire  would  prevent 
the  proo-iess  of  two-thirds  of  them?— Yes,  about  that  time. 

6  In  some  places  has  not  delay  occurred  from  the  turncocks  being 
at  wide  intervals  ?— Yes,  on  the  south  side  of  the  Tiiames  particularly. 
It  is  n-enerally  objected  by  the  Companies  that  none  but  their  own 
servants  shall  have  command  of  the  main-cocks  in  order  to  prevent 
confusion,  as  though  it  is  necessary  to  have  one  or  two  cocks  open,  it 
is  necessary  to  close  two  or  three  others  to  get  the  supply  of  water  at 
the  required  spot. 

7.  Under  a  high  pressure  system  of  course  there  would  be  a  much 
stronger  jet  given  than  can  be  procured  by  an  engine  ?— Yes,  certainly. 

8.  °And  you  think,  with  such  an  apparatus,  that  two-thirds  of  the 
fires  might  be  stopped?— Yes,  they  might  be  stopped  immediately. 

9.  Then,  from  your  experience,  you  have  no  doubt  that  the  prompt 
application  of  water  would  be  most  beneficial?— I  have  no  doubt  what- 
ever. 

10.  And  should  there  not  be  an  inquiry  also  afterwards? — Yes,  a 
subsequent  inquiry  is  most  useful. 

(The  Avitness  is  here  shown  the  evidence  of  Mr.  Lindley,  as  to 
the  efficacy  of  the  constant  supply  of  water  in  putting  an 
end  to  fires,  and  states,  that  he  quite  agrees  as  to  the 
important  effects  of  such  a  supply  in  this  respect.) 

11.  Does  not  the  fire  brigade  prove  as  efficient  as  all  the  rest  of  the 
assistance  at  fires  put  together  ? — Cerlainly. 

12.  Have  you  not  been  so  much  impressed  with  the  importance  of 
an  immediate  application  of  water  that  you  have  invented  various  engines 
to  promote  it? — I  have.  The  usual  sizes  of  the  brigade  jet  pipes  run  from 
three-fourths  to  seven-eighths  of  an  inch,  and  the  quantity  of  water  deli- 
vered, about  90  gallons  per  minute.  When  the  fire  is  raging  in  warehouses, 
or  other  buildings  of  great  extent,  even  this  size,  or  larger  jets,  may 
be  used  with  advantage,  but  in  the  earliest  stages  of  a  fire  a  very  much 
smaller  quantity  applied,  so  as  to  cover  an  extensive  surface  at  once,  is 
infinitely  more  useful  in  extinguishing  the  fire,  while  the  damage  done 
by  the  water  is  kept  at  a  minimum.  The  truthfulness  of  this  principle  • 
has  long  been  established  in  the  minds  of  scientific  men,  but  little 
progress  has  been  made  in  its  practical  application.  Although  the 
engines  of  the  London  Fire  Establishment  have  the  convenience  of 
attaching  two  distinct  lines  of  hose,  none  of  them,  that  I  am  aware  of, 
carry  smaller  nose  pipes  for  that  purpose,  so  that  where  a  fire  requires 
to  be  met  at  two  points,  the  front  and  rear  of  a  building  for  instance, 
two  engines  are  constantly  employed,  thus  throwing  in  180  gallons  of 
water  per  minute,  whereas  even  90  gallons  would  have  been  more  than 
enough  if  judiciously  applied.  Water  applied  in  a  form  of  a  jet  is 
frequently  uusuited  to  the  character  of  a  fire,  as  in  the  case  of  hay  and 
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Mr.'  other  stacks,  large  surfaces  of  weather  boarding,  and  such  like  matters, 
Buddeley.  ^^.j^^^.^  .^^  |j^j.gg  burning  surface  requires  to  be  covered  and  extinguished, 
but  where  there  is  no  mass  of  fire  to  be  dealt  with ;  in  these  cases  the  jet 
is  inapplicable.  In  order  to  render  a  small  quantity  of  water  effectual 
in  extinguishing  burning  surfaces  of  considerable  extent,  I  invented  a 
spreader  to  be  applied  to  the  nose-pipe,  kept  back  out  of  the  way  of  the 
jet  by  a  spring,  until  the  thumb  was  pressed  upon  a  lever,  which  brought 
a  fan-shaped  spreader  over  the  jet,  which  became  broken  up,  so  as  to 
cover  a  very  large  space.  This  invention  was  registered,  agreeably  to 
Act  of  Parliament,  in  May  1842,  and  Mr.  Merryweather,  fire-engine 
manufacturer  of  Long-acre,  London,  was  licensed  to  manufacture  and 
sell  them.    These  spreaders  have  been  used  in  agricultural  districts 

with  great  success.  ,   ,     ,  .  i 

The  fire  police  of  Liverpool,  Manchester,  and  Sunderland,  have  long 
used  them  ;  but  the  London  Fire  Establishment,  with  their  usual  apathy 
towards  inventions  not  originating  with  themselves,  have  not  adopted 
this  useful  contrivance.  In  February  1849,  I  made  a  considerable 
improvement  in  the  spreader,  of  which  Messrs.  Warner  aiid  Sons, 
Jewin-crescent,  became  the  purchasers,  and  it  was  registered  in  their 
name,  and  as  applied  to  garden  and  fire  engines,  is  coming  into  very 
extensive  employment.  In  carrying  out  my  convictions  of  the  efficacy 
of  small  supplies  of  water,  judiciously  applied  for  extinguishing  fire, 
in  1847,  I  designed  a  farmer's  fire-engine,  well  adapted  in  a  1  respects 
to  o-ive  effect  to  these  intentions.  In  the  beginning  of  1848  I  con- 
structed a  portable  fire-engine  adapted  for  domestic  use,  calculated  for 
the  working  of  one  man,  to  be  put  into  a  pail  or  bucket,  and  furnished 
with  a  len|th  of  hose,  branch  pipe,  and  spreader,  so  that  m  all  cases  of 
fire,  in  a  single  apartment,  one  pail  of  water  thus  applied  would  suffice 
for  the  extinction  of  the  flames.  A  German,  some  years  ago  showed 
that  a  large  burning  surface  could  be  effectually  covered  with  a  small 
quantity  ol"  water,  and  it  has  been  my  object  to  <^^r"-y 
?nto  prictice.    Of  the  838  fires  in  the  metropolis  in  1849  I  calculate 

hat  fwo-thirds  might  have  been  extinguished  by  prompt  appl^i^^^^^^^^^ 
of  my  portable  fire-engine  by  the  i"">«tes  themselves  and  that  the 
samTapparatus  in  experienced  hands  would  have  sufficed  for  the  ext  nc- 

loTof  W^^^^^^^  last  year's  fires.  A  small  hand-pump  of  less 
lower  than  mine  has  been  used  by  the  London  Fire  Establishment 
Hng  he  last  12  months  as  an  auxiliary  to  the  fire-engmes  rather  than 
as  a  substitute  for  them  ;  these  hand-pumps,  however  have  proved  ^ery 
as  a  suubuii  usefulness  will  be  yet 

r.he;  Sfended.  ^UhouT^V-^^how-r,  they  lose  „,ore  than 

'""ntrwhole  you  concur  with  the  evidence  which  h»s  been  given 
Id.  "";"V  .,,„l,,nr  »->ter  would  dim  nish  the  number  of  fires  ?— 
rw^rlillTllrn'"     number  but  in  -t'L-jg;:: 
tend  to  check  the  number  of  iu^^^^^^^^^^^^^^^  It  ,s  ^^^^^^^^^l^^ 

any  provision  by  dwcllin.rs  less  combustible  and  more 

every  improvement  which  7^^^^^  remedial  measures  to 

Sa-rs  in  our  builW, 
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and  the  supply  of  water  under  pressure  being  constant,  would  be  of 
immense  benefit  in  checking  the  spread  of  accidental  and  wilful  fires. 

14.  Besides  the  increased  chance  of  fires  being  extinguished  from  the 
immediate  application  of  water,  would  there  not  also  be  a  benefit  from 
the  decreased  damage  resulting  from  the  use  of  a  smaller  quantity  of 
water? — The  araoimt  of  damage  from  water  is  now  unnecessarily  large. 

15.  What  were  the  proportions  of  the  total  losses  at  last  year's  fires  ? — 
The  total  number  of  losses  last  year  amounted  to  30  out  of  the  838 
fires.  In  more  than  200,  the  contents  of  the  buildings  were  very 
seriously  damaged.  It  sometimes  happens  that  the  damage  by  fire  is 
very  small,  and  the  damage  by  water  very  large. 

16.  Would  it  not  be  a  great  advantage  that  the  police  should  have 
keys,  so  as  to  get  at  once  at  the  water  ? — They  are  the  only  parties  who 
could  give  efficiency  to  a  system  of  this  sort. 

17.  Of  course,  diminishing  serious  fires  two-thirds  in  number  would 
diminish  the  general  risk  in  the  same  proportion  ? — It  would  diminish 
the  risk  in  a  still  greater  proportion. 

18.  Do  you  not  find,  from  your  experience,  that  an  apparatus  kept 
for  extraordinary  events  is  seldom  kept  in  good  order,  or  in  a  state  of 
readiness  ? — Such  is  certainly  the  case. 

19.  And,  therefore,  it  would  be  of  great  advantage  if  the  apparatus, 
which  would  be  of  service  in  the  case  of  fires,  were  otherwise  kept  in 
constant  use? — Yes,  and  by  that  means  the  persons  who  would  have 
charge  of  it  would  become  familiarized  with  the  use  of  it. 

(  The  Witness  gave  in  the  following  tables.') 

Tabular  Epitome  of  Metropolitan  Fires,  from  1833  to  1849,  By  W.  Baddeley, 
_  29,  Alfred-sti-eet,  Islington. 
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Abstract  of  Causes  of  Fire  in  the  Mktropolis,  from  1833  to  1849,  inclusive. 

Compiled  by  W.  Baddeley. 


Charge  to  the  Jury  delivered  hy  Lord  Morpeth,  M.P.  199 

Metropolitan  Sewers.— Westminster,  «&c.  Mo^pedx's 


Charae  to  the  Jury  {delivered  by  Lord  Morpeth,  M.P.),  April  6,  ^^f^^^^^ 
^  1848.  — 

Gentlemen  of  the  Jury, 

You  are  summoned  here  by  virtue  of  a  provision  in  the  Statute 
of  the  23rd  of  Henry  VIIL,  which  authorizes  the  Court  «  to  inquire  by 
the  oaths  of  the  honest  and  lawful  men  of  the  shire  or  shires,  place  or 
places,  where  defaults  or  annoyances  be,  as  well  withm  the  liberties  as 
without  (by  whom  the  truth  may  the  rather  be  known),  through  whose 
default  the  said  hurts  and  damages  have  happened,  and  who  hath  or 
holdeth  any  lands  or  tenements,  or  common  of  pasture,  or  profit  ot  hsh- 
ino-  or  hath  or  may  have  any  hurt,  loss,  or  disadvantage  by  any  manner 
of  means  in  the  said  places,  as  well  near  to  the  said  dangers,  lets  and 
impediments,  as  inhabiting  or  dwelling  thereabouts,  by  the  said  walls, 
ditches,  banks,  gutters,  gotes,  sewers,  trenches  and  other  the  said  im- 
pediments and  annoyances." 

At  the  time  the  Statute  was  passed,  there  were  few  or  no  valuations, 
for  other  purposes,  available  for  the  purposes  of  sewers'-rate ;  the  works 
to  be  executed  were  more  simple,  and  the  properties  to  be  charged  fewer. 
The  author  of  this  Statute  of  Sewers  could  not  have  contemplated  that 
it  would  ever  fall  to  the  men  of  the  county  to  assess,  in  one  single  dis- 
trict, between  fifty  and  sixty  thousand  individuals,  or  the  owners  of 
more  than  fifty  thousand  tenements,  occupied  by  nearly  half  a  million  of 
population,  having  a  rental  of  upwards  of  three  millions  sterling,  com- 
prising immense  varieties  of  properties.  This  multitude  of  properties 
renders  it  impracticable  for  you,  within  any  reasonable  time,  to  make 
direct  inspections  and  adjustments  of  that  part  of  the  Westminster  Com- 
mission this  day  brought  before  you,  called  the  Eastern  Division  of  the 
Westminster  Sewers,  within  which  there  are  nearly  15,000  separate 
tenements,  with  a  rental  of  about  800,000?. ;  and  it  is  necessary  to  have 
recourse  to  some  intermediate  agency  or  assistance  to  guide  your 
decisions.  This  assistance  is  aflfbrded  by  the  valuations  of  properties  to 
the  poor-rate. 

From  the  absence  of  appeal,  however  imperfect  this  test  may  be,  we 
must  assume  that  the  parties  are  satisfied  with  that  valuation,  and  that 
it  is  the  true  one.  All  that  remains  to  be  done  for  your  satisfaction, 
and  to  enable  you  to  perform  your  duty,  is  to  present  to  you  evidence  as 
to  who  are  rated  to  the  poor's  rates,  and  at  what  amounts,  from  which 
you  will  determine  who  are  the  parties  to  be  assessed  to  the  sewers' 
rates.  This  evidence  will  be  given  to  you,  with  whatsoever  assistance 
you  may  require,  by  the  officers  of  the  Court. 

Looking  at  the  multitude  and  varieties  of  properties,  you  will  perceive 
that,  if  you  felt  disposed  to  go  through  the  whole  and  found  your 
presentments  on  original  valuations  of  them,  with  the  little  means  of 
assistance  which  could  be  afforded  to  you,  and  giving  you  credit  for  a 
great  extent  and  variety  of  knowledge,  you  would  in  all  probability 
come  to  less  satisfactory  results  than  by  taking  the  evidence  of  the 
poor's'rates  which  will  be  submitted  to  you.  And  here  it  is  right  that 
you  should  be  informed  that  the  rates  now  required  will  be  for  the  pay- 
ment of  old  debts  rather  than  the  creation  of  new  ones.  The  same  is 
the  case  in  other  districts. 

Since  a  jury  of  the  men  of  the  county  was  last  convened,  the  dis- 
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Mo^^eth'B  ^^^^      which  you  are  acting,  though  still  continuing  sepa- 

Charge  to  the  rate  in  form,  is  practically  consolidated  under  one  set  of  Commissioners 
for  the  whole  of  the  metropolis,  with  the  exception  of  one  part  of  the 
drainage  area.  The  most  important  point  in  which  the  Westminster 
District  now  before  you  must  be  interested,  is  that  which  might  be 
elicited  by  the  question — 

What  has  this  consolidation,  carried  out  by  the  Government,  done 
for  us  ? 

To  take  as  an  illustration  the  last  subject  under  the  consideration 
of  the  Court  of  Sewers — namely,  the  establishment  of  paid  officers — 

It  has  given  you  a  large  increase  of  valuable  service,  without  any 
increase,  probably  with  much  diminution  of  expense. 

For  the  Westminster  District  there  was  formerly  one  Chief  Clerk 
Mr.  Hertslet,  and  one  Chief  Surveyor,  Mr.  Phillips — able  and  efficient, 
public  officers,  who  are  both  retained  for  your  service,  whilst  they  are 
advanced  to  a  higher  sphere  of  duty,  and  to  more  satisfactory  because 
more  efficient  service.  But  the  improvement  of  drainage- works  de- 
mands scientific  appliances  and  various  abilities.  We  have  added  to 
the  engineering  force,  Mr.  Austin,  as  a  Consulting  Engineer,  who  has 
long  studied  the  subject  of  town  improvement ;  and  Mr.  Roe,  who,  as 
Surveyor  to  the  Holborn  and  Finsbury  Divisions,  took  the  earliest  lead 
in  the  improvement  of  this  branch  of  the  public  works.  Adopting  the 
recommendations  of  the  Sanitary  Commissioners,  we  have  deemed  the 
improvement  of  these  works  so  important  to  the  public  health,  and  the 
proper  performance  of  the  service  so  needful,  as  to  require  undivided 
attention.  We  have  considered  that  these  services  could  not  be  properly 
attended  to  as  incidents  to  private  practice.  We  have,  therefore,  resolved 
that  all  salaried  officers  throughout  the  several  Commissions  shall,  in 
this  department  at  least,  give  their  whole  time  to  the  public  service,  and 
shall  be  freed  from  private  ^practice.  We  have,  moreover,  abolished 
per-centages  on  works  executed.  We  have,  moreover,  abolished  all 
fees. 

In  the  surveyor's  department,  we  have  appointed  as  an  Assistant 
Surveyor,  Mr.  G.  Donaldson,  who  was  specially  conversant  with  land- 
drainage,  to  attend  to  the  subject  of  the  drainage  of  the  low-lying  and 
open  marshy  land  within  the  district,  by  which  the  sanitary  condition  of 
the  covered'  district  adjoining  is  affected.  Having  observed  talent  in 
the  report  of  a  Surveyor  to  the  Paving  Board  of  St.  Andrew's  Holborn, 
and  St.  George  the  Martyr,  and  evidence  of  special  acquaintance  with 
the  subject  of  house-drainage,  we  have  engaged  that  surveyor,  Mr. 
Lovick,  as  an  assistant  surveyor  in  this  service- 

Mr.  Stable,  the  highly-respectable  Clerk  of  the  Holborn  and  Finsbury 
Division,  we 'have  engaged  to  take  special  charge  of  the  collections 
and  disbursements  of  the  rates.  We  also  availed  ourselves  of  the 
services  of  Mr.  Grey,  a  public  accountant,  to  systematise  the  ac- 
counts, and  to  enable  us  to  throw  light  on  the  pecuniary  branch  of 
the  administration. 

Bv  the  consolidation,  you  have  gained  the  additional  services  ot  one 
Chief  Clerk,  of  a  Consulting  Engineer,  and  one  Chief  Surveyor  and 
two  Assistant  Surveyors,  without  any  increase  of  expense  to  the  West- 
minster District.  The  establishments  and  the  payments  are  not  yet 
fixed ;  but  to  the  whole  of  the  districts  in  the  metropolis  the  consolida- 
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tion  has  been  attended  witli  this  undoubted  gain  of  service,  with  a     i-ord  ^ 
reduced  expense.     The  reduction  in  the  surveying  staff  has  already  chargrtotL 
been  from  upwards  of  6,000/.  per  annum  for  fragmentary  and  imperfect  J"f>' 
service,  to  4,700/.  for  a  consob'dated  and  improved  establisliment. 
The  gain  to  each  of  the  other  districts  consohdated  will  be  similar,  and 
each  has  now  available  the  services  of  the  entire  staff,  and  with  a  con- 
siderable reduction  of  expense. 

Secondly,  you  gain  by  the  consolidation  in  all  that  efficiency  of  works 
which  is  dependent  on  systematic  operations  on  a  wide  basis  ;  or,  in 
other  words,  you  have  had  averted  the  worse  than  waste  which  is  in- 
curred by  operations  on  a  narrow  basis,  by  feeble  establishments  acting 
on  limited  information. 

When  we  entered  upon  our  duties,  the  sewers  of  the  district  were, 
and  unfortunately  yet  are,  and  with  our  best  efforts  are  likely  too  long 
to  continue  to  be,  what  your  officers  have  described  them  to  be — ex- 
tended cesspools.  We  have  had  sewers  in  the  same  district  running 
different  ways ;  sewers  made  at  great  expense,  which  accumulate  pesti- 
lential deposit  (90,000  tons  or  62,000  cubic  yards  of  which  we  have  had 
flushed  away)  :  all  these  works  incurring  waste  of  money  for  sewering 
the  district  ill,  which  would  more  than  have  sufficed  not  only  to  sewer 
it  but  to  drain  the  houses  well  and  abolish  the  pestilential  cesspools 
over  which  they  are  built.  Much  of  this  waste  has  arisen  from  the 
want  of  a  proper  system  of  survey.  The  remedy  for  future  works  is  to 
obtain  a  proper  survey.  This  more  perfect  work,  which  will  govern 
not  only  main  drainage  but  house  drainage,  the  better  construction  of 
streets,  the  better  distribution  of  water,  the  identification  of  properties, 
better  valuations,  and  the  more  equal  collections  of  rates,  increased 
efficiency  or  reduced  expense  of  future  works,  you  gain  by  consoli- 
dation. 

One  gain  by  the  systematic  works  is,  the  better  adaptation  of  sewers 
to  the  run  of  water  which  they  are  to  discharge.  That  class  of  works 
has  not  yet  been  completely  systematised.  Until  the  survey  which  we 
propose  to  make  is  more  advanced,  we  may  not  expect  any  new  system 
of  works  to  be  completed.  We  have,  however,  in  particular  instances, 
and  in  cases  of  emergency,  directed  new  sewers  to  be  made.  We  may 
present  as  examples  the  new  portions  of  Sewers  brought  under  the  con- 
sideration of  the  Court  at  the  last  General  Court  day,  viz. :  

£.   s.  d. 

In  Winchester-roiu,  Neio  Road. — An  estimate 
for  a  4-inch  pipe  even  from  each  house,  in- 
stead of  a  brick  drain,  as  required  under  pre- 
vious practice    171    8  4 

Ditto  for  drain  at  back,  instead  of  the  new  mode 
just  mentioned      .       .       .       ^        .      52    6  3 
The  second  estimate  was  approved. 

In  Dean-strcet,  Soho.-l,^QO  i,^t  to  470/.,  including  junctions 
for  house-drams  was  ordered,  for  which  the  estimate  in  1843 
was  1,412/.  without  such  junctions  for  house-drains. 

\nfi^'^^Tc?^  f  '^'^--130  feet  of  sewer  is  to  cost  33/. ; 

m  i«41,  190  feet  at  the  lower  end  cost  278/.  5i.  5rf. 
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f  Lord         You  may  be  aware  how  much  of  the  suburban  drahiage  consists  of 
Morpeth's^^  open  ditches  at  the  bottom  of  gardens.    Tiie  followhig  is  one  instance 
ju'rj.     of  this  kind  wliere  an  uncovered  ditch  of  10  or  12  feet  wide  was  com- 
plained  of  as  offensive : — 

Gloucester-street,  Shorediich.^'EstimSite  for  860  feet  of  pipe- 
drain  in  lieu  of  open  ditch,  215?.;  former  estimate,  600Z. 
■Nearly  a  quarter  of  an  acre  will  be  recovered  by  filling  up  the 
ditch.  A  space  of  garden-ground,  10  or  12  feet  wide,  will  be 
gained  to  each  house  as  a  flower-bed,  in  the  place  of  a  stagnant 
ditch.  ; 

The  foregoing  cases  may  be  briefly  stated  as  follows  :— 

Old  Plan.  New  Plan. 


£. 
171 
1,463 
200 
600 


s. 

0 
0 
0 
0 


d. 

0 
0 
0 
0 


£. 

52 
470 
33 
215 


s. 

0 
0 
0 
0 


d. 

0 
0 
0 
0 


Winchester-row,  New  Road  . 
Dean-street,  Soho 
Bedfordbury,  St.  Martin's  . 
Gloucester-street,  Shoreditch 
We  have  before  us  two  reports  for  the  future  drainage  of  Westininster, 
comprehending  varied  applications  of  the  similar  pnnciple.    We  may 
prSt  an  estimate  from' one,  not  because  it     ^etermrned  upon  yet  bu 
because  it  furnishes  an  exemplification  on  a  larger  scale  of  the  econo- 
mies to  which  we  hope  to  approach,  ,     .  j  „„  j  „f 
The  comparative  cost  of  dramage-works  former  y  constructed,  and  of 
those  now  proposed  on  spaces  equally  covered  would  stand  thus 

Per  lineal  Mile. 


Annual  Cost  of  Flushing, 
Cleansing,  and  Repairs. 

Average  rate  of  Principal 
and  Interest  per  house, 
reckoning  320  houses 
per  mile. 

£. 

£.  d. 

Expense  of  works  as| 
formerly   constructed,  > 

70 

Annual  Cost  of  Pumping 
and  Maintenance. 
£. 

1    2  2^ 

Expense  of  the  systera| 
at  present  proposed,  V 

25 

0  5 

The  proposed  works  costing  ies=  v.xc...  ^ 

l/res'pect  to  the  more  ten^poraj^y  op—  ^f--" S^^TysS 
n.ention,  that  at  the  contract  pr  ce  for  cj^  ^^^^"S  ,,ould 
l3V  the  offensive  mode  of  hand-labour  ana  c      ^  '  London,  and 

have  been  at  per  load  (taking  ^^^.^  ^  ^  f^.'oO  cubic  yards, 

•  -^^^^^^^^^^^ 
expense,  has  been  4,650?. 
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"We  have  endeavoured,  as  far  as  our  powers  would  permit,  to  turn  the  , 
principle  of  flushing  to  account  for  the  relief  of  the  poorer  districts,  and  charge  U)  the 
by  the  removal  of  the  contents  of  cesspools  by  means  of  the  pump  and  ^"""y- 
hose;  and  this  we  have  accomplished  at  less  than  one-third  of  the 
cost,  and  without  any  of  the  usual  ofiensive  and  injurious  eff"ects  of  the 
operation. 

In  respect  to  the  management  of  the  rates,  besides  reducing  the  col- 
lections we  have  not  thought  it  of  advantage  to  give  to  one  great  company 
(the  Bank  of  England)  the  undivided  profits  on  the  balances  of  the  rate- 
payers' money  in  our  hands ;  but,  having  obtained  freehold  security 
from  another  banking  company,  and  they  having  given,  with  greatly 
increased  facilties  for  transacting  business,  interest  at  the  rate  of  two  per 
cent,  per  annum  on  the  current  balance,  we  have  thought  it  right  to 
open  an  account  with  them ;  and  with  this  saving  of  interest  we 
expect  to  pay  the  salary  of  two  additional  assistant  surveyors  at  the 
least. 

The  gains  from  consolidation,  then,  are,  the  increase  of  the  force  of 
the  establishment,  the  increase  of  the  efficiency  of  the  works,  and  a  re- 
duction of  the  expense. 

Our  future  progress,  we  expect,  will  be  in  the  increase  of  efficiency. 
The  surveyors  have  at  present  under  consideration  improvements  in 
house-drainage  which  we  expect  will  be  accompanied  by  similar  reduc- 
tions in  expense  concurrent  with  the  improvements. 

Further  advances  to  the  completion  and  perfection  of  the  works  and 
the  administrative  service  must  be  dependent  on  the  completion  of  the 
drainage  district,  and  on  the  consolidation  of  other  connected  works 
within  our  present  district,  under  one  and  the  same  competent  manage- 
ment. 

Had  Westminster"  remained  under  a  management  separate  from  the 
other  districts,  effluvia  arising  from  any  deposit  created  by  defective 
cleansing  in  this  district  would  not  only  have  been  diffused  in  o-reater 
quantities  than  it  yet  is  amidst  your  habitations,  but  if  the  sewers 
and  drains  within  your  own  districts  were  perfectly  well  cleansed, 
you  would  still,  on  the  prevalence  of  certain  winds,  be  exposed  to 
the  miasma  carried  from  the  ill-cleansed  sewers  in  other  parts  of  the 
drainage  area. 

Your  own  position  may  be  shown  by  contrast ;  but  representations 
having  been  made  that  increased  expenses  would  'be  consequent  upon 
the  consolidation,  or  what  is  termed  the  centrahzal;ion,  of  our  local  in- 
stitutions, at  this  time  of  real  pressure  it  is  important  that  the  truth 
should  be  known,  and  what  has  been  the  fact,  and  that  the  course  of 
real  improvement  is  one  of  economy  and  of  reduction  of  burthens. 
Ihe  sewers  rates  have  been,  and  might  continue  to  be  as  they  would  be 
under  separate  management,  worse  than  wasted.  But  sickness  and  dis- 
ease and  premature  disablement,  not  to  speak  of  premature  death, 
entail  heavy  pecuniary  burthens,  and  all  well-devised  works,  and  care- 
lully-applied  expenditure,  must  be  in  diminution  of  some  of  the  most 
serious  burthens,  and  tend  to  give  health  and  strength  to  meet  others 
wn  ch  may  be  less  preventible.  The  rates  now  required  will  be  confi- 
X  J  '^P^'l^  '"ed^c^^o"  of  tl^ose  burthens.  But  an  increase  of 
^  vpn  f?i"  application  depends  on  the  completeness  of  the  powers 
biven  lor  the  purpose.    In  respect  to  works,  an  estimate  has  been  cited 
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Lord  ^  to  show  that  a  complete  system  of  main  sewerage  may  he  expected  for 
GW^to'thc  all  Westminster  at  a  charge  not  exceeding  5s.  per  house  per  annum, 

•W-     or  little  more  than  \d.  per  week,  for  works  more  complete  and  certain 
than  any  which  now  exist. 

Wlien  we  are  speaking  of  expenses,  we  must  notice  one  item  of  re- 
duction which  we  have  felt  it  our  duty  to  enforce.  The  Statute  under 
which  we  act  makes  no  provision  for  dinners,  and  we  have  discontinued 
that  practice.  If  it  were  discretionary  [with  us,  we  should  not  think  it 
good  policy  to  hold  forth  the  pleasures  of  the  table  as  an  inducement  to 
the  service.  In  strict  law,  however,  we  have  felt  it  our  ungracious  duty 
to  disallow  payments  for  dinner-bills  of  our  predecessors  to  the  amount 
of  186/.  for  the  last  two  months  they  were  in  office.  We  take  no 
dinners  ourselves,  and  I  fear,  gentlemen,  we  can  offer  no  public  hospi- 
ality  to  you. 

*'  On  analysing  the  business  of  District  Courts  meeting  weekly,  fort- 
nightly, monthly,  or  quarterly,"  say  the  Sanitary  Commissioners  in 
their  First  Report,  "  it  appears  that  a  large  proportion  of  it  arises  from 
the  very  defects  of  their  own  plans  and  works,  which  under  an  amended 
system  will  disappear.  Those  who  have  paid  attention  to  the  despatch 
of  large  amounts  of  varied  business,  are  aware  that,  up  to  certain 
limits,  the  larger  the  amounts,  the  more  complete  are  the  means 
of  classifying  and  systematizing  it,  the  better  the  real  despatch  of  it. 
We  would  cite,  as  an  example,  the  consolidation,  under  the  Metropolitan 
Roads  Commission,  of  the  administration  of  the  roads  formerly  admi- 
nistered by  a  number  of  local  trusts,  comprehending  the  suburban 
parishes  in  the  metropolis.  Under  that  Commission,  the  roads  have 
been  improved,  the  tolls  and  the  debts  reduced,  and  the  business  of  100 
miles  of  road  transacted  satisfactorily,  with  less  attendance  and  consump- 
tion of  time  on  the  part  of  the  honorary  members  of  the  Board  than  was 
previously  required,  by  the  defective  despatch  of  business,  by  any  one 
of  the  numerous  separate  Boards  under  which  important  improvements 
were  found  to  be  impracticable.  It  may  be  averred  that  the  business  of 
a  Commission  of  Sewers  for  the  whole  of  the  metropolis  may  eventually 
be  despatched  better  and  more  expeditiously  than  the  business  of  one  of 
the  single  Commissions." 
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REPOETS  AND  EVIDENCE. 


MEDICAL. 

Dr.  Sutherland's  Report. 
My  Lords  and  Gentlemen, 

In  compliance  with  instructions  received  from  the  General  cr 
Board  of  Health,  I  have  made  a  series  of"  inquiries  in  rej^ard  to  the  Sutherland- 
sanitary  and  economic  advantages  of  soft  water  supplies  fiir  domestic 
and  manufacturinii"  purposes,  in  a  number  of  towns  both  in  Lancashire 
and  Scotland,  which  were  formerly  supplied  with  hard  water  from  rivers 
and  pump-wells,  but  have  recently  been  furnished  with  soft  water  from 
gathering-grounris  and  other  sources. 

The  objects  of  my  inquiry  were  not  of  a  chemical  nature,  but  were 
rather  directed  to  ascertain  from  the  people  themselves,  and  from 
medical  men,  manufacturers,  brewers,  and  other  well-informed  parties, 
what  perceptible  advantages  had  followed  from  the  use  of  waters  which 
chemistry  had  previously  pointed  out  as  likely  to  be  more  wholesome 
and  cheaper  than  those  previously  in  use.  While  thus  engaged 
facts  of  a  very  important  nature  in  regard  to  the  whole  question  of 
water-supply  were  brought  under  my  notice,  and  I  was  directed  by  the 
General  Board  of  Health  to  extend  the  inquiry,  so  as  to  comprehend 
these  particulars  also,  and  I  now  beg  respectfully  to  lay  before  you  the 
results  of  the  whole  investigation. 

Economic  Advantages  of  Soft  Water.— 1  made  inquiries  on  ih[<^ 
subject  ni  the  towns  I  visited,  both  in  England  and  Scotland;  and  I 
tound  that  all  parties,  without  exception,  were  unanimously  of  opinion 
that  very  great  economy  had  been  etiected  by  the  introduction  of  soft 
water  :  evidence  to  this  effect  was  given  by  engineers,  manufacturers, 
Dieachers,  and  brewers,  while  similar  testimony  was  olfered  by  persons 
nsn.g  water  only  for  domestic  purposes.  I  select  the  following  examples 
because  the  miroduction  of  the  soft  water  having  lately  taken  place 
It  was  more  easy  for  the  people  to  institute  a  comparison. 

The  experience  of  the  town  of  Stockport  is  valuable,  as  affording  an 
example  ol  tlje  use  of  two  kinds  of  water,  one  of  hardness  of  161%  or 
abrmt  diat  of  the  Thames  water,  and  the  other  of  31^  or  about  the  amount 
ot  hardness  o  supplies  proposed  to  be  collected  from  gatherino-grounds 
Both  are  supplied  by  the  water-works  Company,  the  harder  water^derived 
^2^'^"^^^"  '""^  sandstone,  being  known  as  the  lower  level 
^ater,  and  the  softer  supply  as  the  higher  level  loater.    The  followin"- 

ComTrvl'"'""  Lawton,  waterman  to  U^e 

lev'el^wl;^^  consumers  like  the  higher  level  water  better  than  the  lower 
sumers  «  '  '''^t'er  level  water  is  the  softest."    The  con- 

u  ""3,  I'rl'^^'lf  "^^'^^^  --^^  better  tea't 

there     le's  1  Ln  '  ^  It  is  cheaper  for  washing,  and 

it  brews  btuer  a  ;  tL  because 
tea  parties   he  loil  1^         ""T.  toilers.   At  large 

ch4er  and  better.''  by  preference,  because  it  makes  tea 

B  2 


4  Soft  Water  Supply  at  Stockport, 

Being  asked,  "  What  is  the  reason  people  pay  for  your  water,  when 
thev  cati  get  a  supply  Irom  their  own  wells  without  paying  for  it  ?  He 
replies,  "  For  the  reasons  I  have  already  given.  These  give  the  univerBal 
opinions  of  the  people,  so  much  so  that  the  Company  has  determined  to 
supply  all  the  districlswith  soft  water  on  account  of  its  being  preferred. 

John  Manchester,  a  bleacher  in  Stockport,  gives  evidence  as  to  the 
superior  economic  value  of  the  soft  water  supply.  He  says,  Where 
we  should  use  50  lb.  of  alkali  with  hard  water,  we  use  45  lb.  with  sott. 
Hard  water  takes  more  alkali  and  soap,  to  produce  the  same  colour, 
than  soft  water  does.    The  saving  of  soap  is  still  more     P^^P^-;  , 

In  reply  to  the  question,  "  What  is  your  experience  with  regard  to  the 
use  of  hard  and  soft  water  for  calico  printing?"  he  says,  Soft  water 
takes  decidedly  less  drugs  to  produce  tlie  same  colours.  ,  . 

Another  witness.  Mrs.  Unsworth,  of  the  Mersey  1""'^^°^^?^^^ 
stated  that  there  was  an  old  well  in  the  yard  of  the  house,  from  which 
fa^er  was  d  awn  by  a  steam-engine  for  household  use,  but  after  having 
Tone  to  this  expense,  it  was  thought  better  to  take  the  Company  s  water, 
!u  account  of  its  softness.  She  states  that  it  brews  better  ale  than  the 
well-wa^r,  and  also  makes  better  tea,  and  uses  less  soap  m  washmg  so 
iTat  found  cheaper  to  use  the  soft  water  than  the  well-water, 

although  the  former  had  to  be  paid  tor.  qo,„  AOnf  haTdne<=s 

The  town  of  Blackburn  has  a  water  supply  of  from  3  to  4  ot  hard  e  s 
.-hTch  has  been  extensively  introduced  into/actories  and  dwel  ing-^^^^^^^^^^^^ 
I  made  personal  inquiries  of  a  number  ot  people,  as  to  ^l^e  r  experience 
ofThe  new  supply  in  comparison  with  the  water  formerly  m  use.  found 
tes^S'o^^^^^^^^  -  to  the  superior  advantages  o  the  soft  wa  er 

fo    iTculina'ry  and  domestic  purposes.   It  was  ^tatec^  Oiat  a  made  b^t^ 
.,nd  that  it  saved  labour  and  soap  in  washing.    A  respeciapie 
S;:;,„t"'a>;d1™ggi:t  ..id  that  he         use  no  oth    water  for  mak.ng 
inf.minns  as  all  others  were  hard  and  extracted  badly.  ,r 
TSlowtng  notes  of  evidence  will  show  the  superior  value  of  the 

^s'rli:;^^^  ,  acuainte^wl^ 

Jt^pa^ative  use  of  hard  ^.nd  ^^J^^tlS^^oZ 
acquainted  with  the  use  ot  the  present  ^J^J^;;  4ich  the 

The  town  water  is  very  superior ;  it  does  -  P  -  ,,5,^, 
former  hard  water  did.    The       ^.^7^*^;.  bottoms  of  boilers 

that  the  crust  had  to  be  taken  out  vvith  a  P'ck-axe    the  .0  0 
got  corroded,  and  the  rivets  g,t  eaten^^^^^^^  ^^^^^ 
superior  cheapness  ot  sott  watei,  "^^^^  ^         .       -^^        boiler  in 


Blackburn,  Waii'ington,  and  Bolton. 
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that  the  soft  town  water  is  preferred  and  used,  because  it  makes  better  Dr. 
ale,  and  extracts  the  malt  better."  *  Sutherland, 

The  water  supply  of  Warring-ton,  although  having  a  hardness  of  , 
is  still  much  softer  than  the  water  ibrmerly  obtained  from  the  wells  of 
ihe  town.  Mr.  Riley,  secretary  to  the  Company,  states  that  it  has  been 
introduced  into  all  the  larg-e  breweries,  and  also  into  many  public-houses 
brewing-  (heir  own  beer,  although  the  parties  have  wells  on  their  pre- 
mises. The  saving  in  tea  from  the  use  of  this  water  has  been  estimated 
at  one-third  of  the  quantity  used.  It  also  requires  much  less  soap  in 
washing,  and  is  found  to  be  superior  to  the  well-water  for  all  culinary- 
purposes. 

Having  been  informed  that  very  satisfactory  results  had  been  obtained 
in  using  soft  water  for  locomotive  engines,  1  applied  to  Mr.  Hawkshaw, 
engineer  to  the  East  Lancashire  Railway,  for  information  as  to  his  own 
experience  on  the  subject. 

From  its  local  position  this  railway  affords  good  means  of  comparison, 
as  there  is  one  quality  of  water  supplied  at  Bolton  and  another  at 
Manchester,  the  former  being  a  very  soft  water  and  the  latter  a  hard  one. 
The  following  is  the  opinion  of  Mr.  Hawkshaw: — "  I  beg  to  state  that 
the  water  supplied  by  the  Bolton  "Water  Works  Company  has  always  been 
considered  by  me  much  superior  to  that  obtained  from  the  Manchester 
Water  Works  Company.  Its  great  purity  and  softness  tend  much  more 
to  the  preservation  of  the  tubes  and  the  interior  of  the  boilers.  From 
the  water  obtained  ai  Bolton,  there  is  scarcely  any  deposit,  while  from  that 
obtained  at  Manchester  the  earthy  deposit  is  sometimes  considerable," 

The  town  of  Bolton  has  been  supplied  with  a  water  of  about  2^  of 
hardness  for  a  considerable  number  of  years,  but  another  water  with  ^, 
hardness  of  about  5^  is  still  in  use  in  some  parts  of  the  town.  A  direct 
experiment  was  made  last  year  at  the  Bolton  Workhouse  to  test  the 
economic  values  of  these  waters,  the  very  satisfactory  results  of  which 
have  been  communicated  to  the  General  Board  of  Health. 

At  first  sight  it  might  appear  doubtful  whether  so  small  a  difference 
in  hardness  as  3'  could  have  led  to  such  results,  but  the  facts  have 
been  confirmed  by  experience  in  other  cases,  and  even  the  poor  them- 
selves know  very  well  the  difference  of  cost  in  washing  with  different 
qualities  of  water. 

As  an  illustration  of  this  I  may  state,  that  while  examining  into  the 
subject  at  Paisley,  I  asked  a  woman  who  was  washing  whether  she 
preferred  town  water  or  rain  water  for  the  purpose :  she  immediatelv 
gave  a  decided  preference  to  rain  water,  and  on  being  asked  the  reason 
said  that  It  used  less  soap  and  soda  and  required  less  labour  than  the 
other  Now  the  Paisley  water  happens  to  be  one  of  the  softest  in  the 
kingdom,  having  a  hardness  of  only  about  2". 

It  appears  to  be  something  like  a  positive  injustice  to  give  the  poor 
no  a  ternative  between  want  of  cleanliness  and  the  labour  and  expense 
involved  ni  washing  with  water  of  from  12^  to  16^  of  hardness,  where  a 
softer  supply  might  be  attainable,  and  yet  this  state  of  things  exists  in 
not  a  few  of  our  largest  cities  and  towns. 

those"ernn^^''^^^  ''P"''""'      examples  ;  suffice  it  to  say  that 

to  ariseTnT'.';,  advantages  which  chemistry  had  pointed  out  as  likely 
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Ur.  Adva?ttages  to  Ilcalih  of  Soft  Water. — The  first  cousidcialion  in 

estimatintr  the  eflTects  of  water  on  tlie  health  of"  a  town  population,  is 
obviously  connected  with  the  source  and  quality  of  the  water. 

In  all  the  places  I  have  visited,  with  one  exception,  the  water  has 
been  obtained  iroui  patheriiig-grounds,  collected  into  reservoirs,  and 
thence  distributed.  Three  of  these  collecting-grounds  I  have  myself 
visited,— tliose  of  Gurbals,  Paisley,  and  Stirling.  The  grounds  of  the 
Gorbals  Company  are  situated  upon  au  elevated,  undulating-  tract  of 
country  between  seven  and  eight  miles  south  of  Glasgow.  They  are 
chiefly  under  pasture,  a  portion  only  being  under  cultivation,  and  tile- 
drained.  The  soil  was  said  to  be  from  18  inches  to  2  or  more  feet  in 
thickness,  and  to  rest  on  till,  which  in  its  turn  rests  on  green-stone.  Sec- 
tions showed  the  water  proceeding  from  the  u|)|)er  surface  of  the  till,  after 
having  drained  through  the  soil.  There  is  a  little  peat  on  these  grounds, 
but  not  much;  and  ii  was  stated  to  me  that  it  had  been  proposed  at 
one  point  to  cut  off  an  area  of  peat  by  a  separate  drainage,  to  convey 
the  water  from  it  in  another  direction. 

The  gathering-grounds  of  Paisley  are  situated  between  two  and  three 
miles  south  of  the  town,  upon  the  north  slope  of  a  ridge  of  considerable 
elevation,  but  not  so  high  as  those  of  the  Gorbals.  The  slope  of  the 
grounds  is  steeper,  so  that  a  large  quantity  of  water  is  collected  not- 
withstanding the  porous  nature  of  some  portions  of  the  snbsod.  They 
are  all  under  pasture,  and  have  a  little  brushwood  here  and  there  upon 
the  surface.  The  water  is  collected  by  a  catch-drain,  down  which  it 
flows  rapidlv  to  the  reservoirs.  ,        u  •     r  u  n 

The  S^iilin"-  oathering-g-rounds  are  situated  on  a  loity  chain  ot  hills 
to  the  south-welt  of  the^town  ai  a  distance  of  about  three  miles.  The 
rock  is  green  stone  covered  with  a  thin  layer  of  soil,  and  the  de.scent 
very  rapid.  A  catch  drain  1,000  yards  in  length  collects  the  water 
iroti.  one  district  to  the  lower  reservoir,  and  the  upper  reservoir  is  sup- 
plied by  another  district.  The  grounds  are  all  under  pasture,  but 
there  is  a  good  deal  of  peat  in  the  hollows.  f  i 

The  sensible  qualities  of  the  various  surface  waters  are  the  fol- 
lowing :-All  are  remarkably  soft,  and  to  a  person  accustomed  to  the 
hard  water  supply  of  London  the  sensation  in  washing  is,  that  it  can 
be  done  as  will  without  soap  in  these  waters   as  with  soap  iti  the 
Londcm  water.     The  Stirling  water  was  stated  to  have  only  1°  .vf 
S  ess.  that  of  Paisley  about  2°,  and  that  of  Gorbals  about  3^^. 
NoSstanding  the  occurrence  of  peat  on  the  gathenng-grouuds  of 
Stii  n '  there  is  no  evidence  of  its  presence  m  the  water.    It  is  not 
fi  S  and  vet  perfectly  pellucid,  except  that  on  very  close  exam.na.- 
ti  n  a  tew  white  floculi  can  be  detected.    The  water  ot  Paisley  stands 
next  in  ordi  of  clearness.    It  is  filtered  before  d  stnbution,  bu  con- 
•  11  niiantitv  of  suspended  matter  which  renders  it  not 

T\  ?.wTrt siren  I'he  e  is  nothing  offensive,  or  which  apparently 
S^^SrK"..noved  by  a  more=pert.ct 

The  Gorbals  water  is  a  little  less  translucen  than  that  ol  l.usley, 
obviouslv  lom  a  similar  cause  and  susceptible  ot  a  ^^^^^^^^^^ 
The  waters  of  Boltou  and  Bury  are  brown  in  ^^^V^^  '^^J'^  '"^^^ 
already  described,  particularly  the  latter,  which  is  sen  "Hj  ^^^f  ' ^^^'l 
iinfihered,  notwithstanding  the  complaints  made  to  the  Water  Com 
pany  on  the  subject. 


at  Paisley,  and  elsewhere.  7 

It  is  commonly  "believed  that  the  sofc  surface  waters  obtained  from  gj^^jj^^'^jj^T 
collecting  grounds  are  less  agreeable  to  drink  than  the  hard  waters  _L 
raised  from  wells.  The  latter  are  perhaps  cooler  and  clearer,  from  the 
depth  at  which  they  are  procured,  and  the  perfect  process  of  filtration 
they  naturally  undergo.  Both  of  these  conditions,  no  doubt,  influence 
the  sensible  properties  of  well  water;  but  they  are  equally  attainable  in 
the  waters  of  collecting  grounds  if  due  care  be  taken.  The  saline, 
constituents  of  hard  well  waters  are  supposed  by  some  people  to  make 
them  peciiharly  palatable  ;  but,  in  the  first  place,  these  ingredients 
vary  remarkably  in  different  waters  both  in  character  and  amount, 
and,  in  the  next,  the  taste  turns  out  to  be  an  acquired  one ;  for  persons 
who  have  been  accustomed  to  drink  pure  water  are  by  no  means  satis- 
fied at  being  obliged  to  use  a  harder  supply  afterwards. 

In  a  communication  received  from  Dr.  Paton  of  Paisley  the  following 
passage  occurs : — 

"  I  was  lately  on  a  visit  to  my  native  place,  Largs,  in  Ayrshire,  and  when  there, 
took  a  drink  of  water  from  a  well  that  has  always  been  esteemed  verv  pure ;  but 
comparing  it  to  the  water  of  Paisley,  I  thought  from  taste  that  it  was  the  opposite, 
being  strongly  impregnated  with  carbonate  of  lime.  Upon  testing  it,  the  quantity 
was  not  great,  the  feeling  had  only  arisen  from  the  extra  sensibility  of  my  taste,, 
being  accustomed  to  water  without,  any  impregnation,^  so  that  pure  water  is  always 
pleasanter  than  hard  water,  even  though  there  was  no  danger  in  the  use  of  thie 
latter." 

Similar  testimony  has  been  given  by  a- number  of  other  persons;  and 
from  my  own  experience  I  have  no  hesitation  in  stating,  that  these 
surface  waters  are  as  agreeable  to  drink  as  any  river  or  well  water  with 
which  I  am  acquainted,  and  more  so  than  many  of  them. 

The  comparaiive  effects  of  hard  and  soft  water  on  the  health  of 
town  populations  are  beginning  again  to  attract  attention  in  this 
country.    These  were  perfectly  well  known  in  ancient  times,  and  have 
continued  to  be  recognized  on  the  Continent.    Every  medical  writer  of 
eminence,  from  the  days  of  Hippocrates  downward's,  has  dwelt  upon 
the  sanitary  distinctions  of  the  two  kinds  of  water ;  and  whatever  be 
the  language  employed,  whether  that  of  ordinary  observation  or  of 
chemical  nomenclature,  these  writers  have,  I  believe,  Avith  but  two 
exceptions,  given  their  suffrages  either  directly  in  favour  of  soft  water 
or  of  water  derived  from  such  sources  as  would  necessitate  its  being, 
soft.    They  have  nearly  all  condemned  the  use  of  hard  waters,  espe- 
cially those  containing  lime  in  combination  witli  sulphuric  acid,  such  as 
the  waters  of  our  new  red  sandstone,  as  being  directly  injurious  to 
health  if  constantly  used,  and  tending  to  produce  derangements  of  the 
digestive  functions,  glandular  obstructions,  and  urinary  diseases  The 
only  authoritative  names  on  the  other  side,  with  which  I  am  acquainted 
are  those  of  Dr.  Cullen  and  Dr.  Darwin,  the  latter  of  whom,  con- 
siders the  use  of  hard  waters  to  be  necessary,  on  certain  physiological 
grounds,  which  hava  long  since,  been  proved  to  be  untenable.    I  am 
quite  aware  that  to  assert  the  unhealthy  nature- of  hard  waters,  mm 
excite  surprise,  but  I  feel  confident,  both  on  the  ground  of  experience 
cZ^        P^"'"''        observation  in  those  of  others,  that  snch  is  the 
livina.  ^  f  ""'f^^l       ^iiscussed  in  a  paper  which  I  had  the  honour  of 
suffer^  tn^r  ^  '  ^""'^  It  a"  persons  do  not 

suscen^^^^^^^^^  ^^'^''^'^  ^^'-^'^  »^^i«t  be  looked  Ibr  in 

8uSt  ^I.  <^"n«titut,ons,  but  where  attention  is  once  directed  to  the 
subject,  the  facia  can  luirdly  be  overlooked  afterwards.    Some  of  our 
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i")"--  best  medical  authorities  have  even  gone  the  length  of  recommending  dis- 
si.ihc.iand.  ^m^j  ^^^^^^g^      ^  constant  beverage,  and  the  entire  abandonment  of  the 

use  of  hard  water. 

In  those  towns  where  a  soft  water  supply  has  been  lately  introduced. 
I  found  a  decided  conviction  prevailing  among  the  medical  profession 
ds  to  the  sanitary  advantages  of  such  waters,  merely  on  the  ground  of 
their  softness,  the  evidence  goes  to  prove  that  dyspeptic  complaints 
diminish,  that  epidemics  are  less  severe  and  less  fatal,  and  that  stone 
and  other  calculous  diseases  are  prevented.  I  beg  to  subjoin  the  fol- 
lowing statements  on  these  points.  _  .  . 

Dr.  Leech,  who  is  a  medical  practitioner  in  Glasgow,  in  the  district 
supplied  by  the  Gorbals  Gravitation  Water-works,  says — 

»  Bly  attention  has  been  called  to  the  bearing  of  the  question  of  pure  soft  veater 
supply  on  the  public  health.    The  Gorbals  water  is  very  soft  and  pure.  Itie 
ueV  supply  has  been  introduced  about  two  years ;  but  in  consequence  ot  the  baa 
water  supply  which  existed  before  the  new  water  was  introduced,  my  attention  as 
well  as  that  of  mv  medical  brethren  was  directed  to  the  question  for  a  long  time 
previously.    The  comparative  value  of  the  new  soft  supply  over  the  old  hartt 
supply  has  been  matter  of  discussion  at  the  Glasgow  Southern  Medical  Society, 
of  which  I  was  president  two  years.    It  was  the  unanimous  opinion  of  the  medical 
profession,  that^reat  benefits  of  a  sanitary  kind  had  followed  m  the  substitu- 
Cn  of  the  soft^ater  on  the  principle  of  constant  supply.    It  has  been  ob 
served,  that  since  this  change,  urinary  diseases  have  become  less  frequent 
especially  those  attended  by  the  deposition  of  gravel.    So  far  as  expenence  has 
eone  my  own  opinion  is,  that  dyspeptic  complaints  have  become  diminished  m 
lumb™    With  the  same  reservation  as  to  time,  it  is  the  opmion  of  the  medical 
S?ofe^.si;n  That  ffever  has  numerically  diminished,  and  Aat  the  cases  that  occur 
Se  mo?e  amenable  to  treatment  by  the  use  of  the  soft  water  supply  than  they 

"  "  D^Sf  ?h?\r3!j there  was  a  remarkable  circumstance  -^^-h  deserves 
notice  a  Compared  with  the  epidemic  of  1832.  Since  the  former  period,  the 
population  of  Glasgow  south  of  the  Clyde  has  "eal•ly/«?^l^^^"°i7^^M^^^ 
SepS.  and  the  introduction  of  the  soft  water  supply,  the  ^^^^-^^^^^f 
cSered  as  the  same  at  both  periods.  In  one  district  the  P?i.7,«J  "^^fl^^^^Jj^J^J 
offn^!ir%n  is-^o  was  fearful  while  Glasgow,  north  ot  the  Clyde,  also  sutterea 
severely  Dm-ing  hflS  'epidemic,  Go'rbais  parish  "ed  comparatively  a 
sSl  numberof  ?ases,  while  the  epidemic  in  other  parts  of  Glasgow  was  very 
s"ere  The  unanimous  opinion  of  the  Medical  Society  was,  that  this  com- 
parative immunity  was  to  be  attributed  to  the  soft  water  supply. 

Dr.  Cunninohame,  who  also  practises  in  the  Gorbals  district,  is  of 
the  same  opinion  as  to  the  sanitary  advantages  which  have  resulted 
from  the  substitution  of  soft  for  hard  water  in  this  part  of  the  city. 

i  r  .ei  -ed  similar  testimony  from  Mr.  Wolstenholme  and  Mr.  Robin- 
son surgeons  practisincr  in  Bolton,  where  there  has  been  for  some  j ears 
a  soft  w^ater  supply.    This  has  been  already  laid  before  the  Qeneral 

""luhfu^Jitftown  of  Stirling  has  only  had  soft  water  /or  about  a 
year  saniUuy  results  have  already  shown  themselves,  and  for  this  fact 

\  ^ve  the  f^:'^":^^^!;^  soa  water  supply  at 
In  '•egard  to  the^an  ta  y  a^^^^  ^^^^  ^^at 

mineral  substances,  particularly  carbonate  of  l.me  and  i  on,  for  whicli 
the  inhabitants  substituted  river  water,  be  goes  on  to  say  .- 


Soft  Water  Supply/  at  Paisley. 
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constant  supply.    Most  of  the  iuhabitants,  I  understand,  nearly  90  per  cent.,  are  in  ur. 

the  habit  of  using  it.    *    *    *    I  was  not  in  town  previous  to  the  filtei-ed  river-  Sutherland. 

water  being  used,  but  in  the  first  ten  years  of  my  practice  here,  from  1827  to  1838, 

cases  of-  calculous  disorders  were  very  numerous ;  the  last  ten  years  I  have  seen 

few  or  none,  unless  a  few  old  cases  previously  affected,  or  in  parts  not  accessible  to 

the  water  of  the  Company,  and  a  few  from  some  of  the  chalk  counties  of  England. 

With  regard  to  the  time  previous  to  the  introduction  of  the  filtered  river-water, 

which  must  have  been  about  1804  or  1805,  I  can  communicate  nothing  of  my  own 

knowledge,  but  from  frequent  conversations  with  my  partner,  the  late  Dr.  White, 

of  this  place,  who  had  been  upwards  of  50  years  in  practice  when  I  joined  him,  I 

was  given  to  understand  that  the  cases  of  stone  were  very  numerous.    The  same 

thing  was  often  mentioned  by  other  old  practitioners.    They  also  mentioned  the 

rapid  diminution  of  them  after  the  river-water  came  to  be  used  in  part,  and  now 

there  is  not  a  single  case  of  calculous  disease  except  those  previously  mentioned." 

In  another  communication,  Dr.  Paton  mentions  several  cases  of  renal 
calculi  which  had  come  under  his  care  from  distant  towns.  He  states 
that  these  cases  had  had  no  return  of  the  complaint  for  the  last  six 
months,  except  a  slight  attack  in  one  which  did  not  confine  the  patient 
to  bed.  This  circumstance  Dr.  Paton  attributes  to  the  use  of  the  soft 
water.    He  also  says  : —  I 

"  I  may  mention  that  since  the  1st  July  1846,  I  have  attended  4,262  paupers  for 
the  Abbey  parish,  and  among  that  number  there  has  only  been  one  case  of  calcu- 
lous disorder.  The  boy  was  from  Ireland,  and  had  suffered  long  before  coming  to 
this  country.  I  have  had  conversation  with  several  of  the  surgeons  here,  and  they 
all  concur  in  the  opinions  expressed  in  my  former  letter  to  the  General  Board  of 
Health,  that  since  the  introduction  of  the  soft  water  by  gi-avitation,  there  are 
almost  no  cases  of  calculous  disorders,  either  renal  or  vesical." 

In  illustration  of  the  benefits  of  soft  water  in  diminishing  epidemics. 
Dr.  Paton  states  from  a  knowledge  of  the  sources  of  the  water  supply  in 
affected  districts  in  the  west  of  Scotland,  that — 

_  "  Cholera  appears,  during  this  last  and  former  attack,  to  have  been  more  severe 
in  those  places  where  the  water  is  obtained  from  calcareous  wells,  or  where  it  is 
impregnated  with  other  mineral  matters,  than  in  those  places  where  it  issued  from 
wells  over  trap,  or  where  it  flows  over  a  rocky  soil  of  that  nature.  *  *  *  i 
may  mention  that  in  Charleston,  a  district  of  Paisley,  standing  higher  and  pos- 
sessmg  purer  air  than  most  of  the  town,  and  containing  about  4,500  inhabitants, 
mostly  supplied  with  water  from  wells  and  not  from  the  Company,  cholera  made  its 
most  severe  attack,  hardly  missing  a  family,  except  a  few  who  were  supplied  with 
pure  water.  *  *  *  When  cholera  prevailed,  I  attended  many  cases  of  diar- 
rhoea, particularly  in  parts  of  the  town  supplied  with  wells." 

A  similar  observation  was  made  and  published  by  the  Local  Board 
of  Health  in  Paisley,  in  regard  to  developed  cholera.  In  the  same 
report  they  showed  that  cceteris  paribus  those  parts  of  the  town  in 
which  the  gravitation  water  was  used,  were  much  less  affected  with  fever 
than  the  districts  supplied  by  wells.  In  regard  to  this  report,  Dr. 
Paton  says : — 

"lYou  will  perceive  that  where  pure  water  has  been  supplied,  there  have  been 
only  346  cases  of  fever  during  twelve  months,  and  where  it  has  not,  the  numbers 
nave  been  502.  This  difference  is  not  so  marked,  but  when  it  is  considered  that  the 
larger  number  comes  from  one-tenth  of  the  inhabitants,  and  the  smaller  from  the 
remamuer,  it  is  then  fully  seen  what  is  the  value  of  the  pure  water.  *  *  »  j^j„ 
Sn!;^"*"!,  T  P'^^'^^'  compared  with  this,  lead  me  to  the 
tha^  x^;  r  .  °°  expense  ought  to  be  spared  to  supply  towns  with  pure  water,  and 
bv  coTlpnr  17  mineral  impregnation.  This,  however,  can  only  be  accomplished 
St  from  =^1  ^'^^  S''"""^^  of  t'-aP  primitive  rocks,  and 
the  S^r  ^ '  ^Pi-egnated  with  lime,  &c.  For  such  a  place  as  London,  though 
iDL  water  -was  bronaht  frr.rY,  Wr,i„c         ,.u;  _,i  A   ,  ■■  ' 

i  than 
found 

-        ^   supply. 

auch  IS  the  experience  which  has  been  obtained  in  towns  supplied 


the  -wZor.  '  ^Pregnated  with  lime,  &c.  For  such  a  place  as  London,  th 
counrerbaHno^  ^wl^^'  "1*™^*^  advantages  would  more 

iwrer,  ana  of  sufficient  height  to  give  a  constant  supply." 
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with  soft  water,  and  although  the  surface  over  which  Ihe  observations 
have  heen  made  has  not,  from  the  nature  of  tlie  case,  been  so  exiensive 
as  might  have  been  desired,  they  nevertheless,  so  far  as  lliey  go, 
unquestionably  confirm  the  experience  of  all  preci'din{r  ages  and  co\in- 
tries.  I  cannot  therefore  hut  express  my  conviction  that  in  all  towns 
where  it  m-<iy  be  found  necessary  to  obtiiin  a  new  source  of  supply,  this 
evidence  as  to  the  peculiar  advantages  of  soft  water  in  regard  to  health 
should  apart  iVom  the  well  known  economic  value  of  such  water, 
exercise  great  influence  in  determining-  the  selection. 

Public  opinion,  founded  on  experience,  is  rapidly  progressing  towards 
sound  views  on  this  important  subject.  All  the  old  forms  of  water- 
supply  are  gradually  being  superseded  ;  the  use  of  wells  has  given  way 
before  the  introduction  of  supplies  from  rivers,  and  eveti  where  con- 
siderable expense  has  been  incurred  in  erecting  suitable  works  for 
pumping  river  water  to  a  proper  height,  it  has  been  discovered  that 
there  are  purer,  better,  and  cheaper  sources  than  rivers.  I  have  been 
informed  that  the  City  of  Glasgow  Water  Company  would  willingly 
introduce  a  supply  of  pure  soft  water  on  the  gravitation  principle,  if  they 
had  adequate  securities  for  receiving  a  return  for  their  capital,  which, 
however  the  present  state  of  the  law  renders  very  doubtful.  Surface 
supplies  are  universally  preferred  in  Lancashire  to  those  obtainable- from 
rivers  or  wells.  The  inhabitants  of  Dumfries  were  divided  in  opinion, 
as  to  whether  a  supply  should  be  obtained  from  the  river  close  to  .their 
doors,  or  from  a  distant  lake  which  yields  pure  soft  water ;  but  after  a 
full  consideration,  a  decision  has  been  come  to  in  favour  of  the  latter 
source.  All  the  more  recent  water  supplies  in  Scotland  are  derived 
from  lakes  or  gathering  grounds,  and  to  all  appearance  every  town  in 
that  part  of  the  country  will  in  a  few  years  have  similar  advantages  con- 
ferred on  it.* 

*  After  having  visited  the  collecting  grounds  from  which  are  derived 
the  water  supplies  for  part  of  Glasgow,  Paisley,  and  Stirling,  I  was  di- 
rected by  thj  General  Board  of  Health  to  inspect;  that  portion  of  the 
proposed  gathering-grounds  for  the  metropolis,  situated  in  the  neigh- 
bourhood of  Faruham,  and  from  a  few  acres  of  which  that  town  at 
present  receives  its  supply  ()f  water,  with  the  view  of  comparing  the 
apparent  capabiliiies  of  the  different  sources  of  yielding  waters  of  good 
and  wholesome  character.    I  have  already  stated,  that  the  coUecting- 
frrounds  for  the  Scotch  towns  are  in  elevated  situations,  and  consist  of 
insoluble  and  impervious  uionntain  masses,  from  the  surface  of  which 
the  rainfall  is  drawn  off  as  rapidly  as  possible  by  suitable  catch-drains. 
The  hills  in  the  neiglibourhood  of  Farnham,  althongh  rising  to  a  con- 
siderable altitude  in  some  parts,  are  formed  of  silicious  sand  and  gravel, 
covered  with  short  herbage  and,  in  some  part,  with  a  thin  layer  of  peat> 
The  surface  bears  unequivocal  evidence,  that  a  considerable  quantity  of 
■water  flows  overit  directly  to  the  lower  levels;  but  the  structure  uf  the 
ground,  and  the  occurrence  of  springs  of  pure  water  from  the  hill  sides, 
show  that  a  process  of  filtration  through  the  sand  and  gravel  takes  place 
at  the  same  time.    The  supply  for  Farnham  was  stated  to  be  derived 
bv  tile-drairting- a  few  acres  of  ground.   It  is  received  into  a  shallow 
circular  well,  about  three  feet  below  the  surface,  from  whence  it  flows 
into  the  main.    At  anoll^'r  part  of  the  hill  a  stream  of  water  was  flow- 
ino-  after  having  percolated  through  a  considerable  thickness  of  gravel. 
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Present  Supply  and  Consumption  under  the  Constant  System. — 
One  special  part  of  the  inquiry  connected  witb  the  sanitary  advantages 
of  increased  water  supply,  was  directed  to  ascertaining  the  precise 
quantity  of  water  consumed  by  different  classes  of  the  community.  It 
had  been  stated  to  the  General  Board  of  Health  that  the  actual  quantity 
drawn  from  the  reservoirs  for  this  purpose  amounted  to  from  13  to 
30  gallons  and  upwards  per  head  per  diem,  for  the  whole  population,, 
in  tfiose  towns  where  a  constant  supply  had  been  provided.  No  one 
at  all  conversant  with  the  habits  of  the  working  classes,  or  with  the 
miserable  deficiency  of  domestic  conveniences  within  their  dwellings, 
could  for  a  moment  entertain  the  idea  that  any  such  quantities  were 
used  by  them,  although  there  could  be  no  reasonable  doubt  that  the. 
measureroentsof  the  water  drawn  fr{)m  thereservoirs  were  accurately  given. 

I  have  pursued  this  inquiry  in  a  number  of  towns,  but  it  appears 

Both  these  waters  have  been  found  to  be  remarkably  soft  and.  pure,  and 
in  this  respect  in  every  way  adapted  for  use.  So  far  as  their  physical 
properties  are  concerned,  they  may  be  safely  pronounced  to  be  superior 
to  those  of  any  of  the  waters  I  examined  either  in  Scotland  or  Lanca- 
shire. They  are  perfectly  transparent,  and  at.  the  time  I  examined 
them  'contained  no  floculi  or  colouring  matter.  They  were  cold  and 
well  aerated,  arising  no  doubt  from  the  perfect  process  of  filtration  they 
undergo,  and  from  the  fact  of  their  retaining  the  temperature  of  the 
graVel  bed  through  which  they  pass.  At  one  point,  the  water,  after 
tlowing  from  the  hill,  rested  on  a  quantity  of  peat  in  a  hollow,  and  be- 
came coloured,  but  the  same  water,  after  having  flowed  over  a  bed  of 
pebble.-?  for  a  short  distance,  had  lost  the  colour  entirely,  and  became; 
transparent. 

The  collecting  of  water  from  such  grounds  as  those  which  supply 
Farnham  involves  the  application  of  a  principle  of  extreme  importance, 
in  a  sanitary  point  of  view,  namely,  the  natural  filtration  of  water,  and 
the  conveying  it  away  for  use  as  rapidly  as  possible  after  it  reaches, 
the  surface.  In  grounds  where  a  considerable  delay  takes  jjlace  be- 
tween the  time  of  rainfall  and  the  time  of  delivery  of  the  water,  if 
there  be  much  peat  on  the  surface,  the  water  becomes  discoloured  and 
requires  a  careful  process  of  subsidence  and  filtration  to  remove  the 
colour;  but  the  experiment  now  going  on  near  Farnham  has  demon- 
strated this,  important  fact,  that  the  atmospheric  water,  after  havino- 
passed  through  a  natural  filter  composed  of  insoluble  materials,  may  be 
CO  lected  m  abundance  by  a  simple  process  of  tile-draining  a  few  feet 
below  the  surface,  and  delivered  in  a  state  of  as  great  purity  and  soft- 
•ness,  and  at  the  same  time  with  more  transparencv  and  coolness  than  it 
has  been  yet  obtained  from  the  surface  of  any  collecting-ground  with 
which  I  am  acquainted.  There  were  some  particular  portions  of  the 
ground  which  appeared  to  be  faulty,  but  these  could  no  doubt  be  avoided 
in  selecting  the  surface  from  which  the  water  might  be  obtained. 

ihave  not  seen  the  grounds  from  which  Aberdeen  is  supplied  :  but 
n-om  accounts  I  have  received  of  them,  and  also  of  the  quality  of  the 
Farnhnn."""  '■^•l^o"  doubt  that  such  grounds  as  those  which  supply 
that  wo^/Ik  ^f^"^  l^""'^'  ^"'^'^^'^  domestic  purposes;  and 
W  a  sink'  "^^^'■"Pf to  receive  the  benefit  of  such  water  it  would 

anrcitv  o  Y'''  e"od  as,  if  not  better  ilun  that  of 

""y  uiy  or  ancient  or  modern  times 


12 


Actual  Consumption  of  Water 


Dr. 

Sutherland. 


that  no  estimate  of  the  actual  consumption  has  hitherto  been  made, 
although  information  of  this  kind  must  be  obviously  of  primary  import- 
ance to  water  Companies,  enjriiieers,  and  the  public  at  large.  'Ihe 
investigation  presented  considerable  difficulties,  especially  in  those 
instances  in  which  the  supply  is  obtained  within  the  houses,  and  this 
arises  from  the  circumstance  that  there  is  no  process  of  measnrement  in 
using  the  water,  the  practice  being  to  fill  any  convenient  vessel,  what- 
ever^its  shape  or  size  may  be,  to  wash  hands,  dishes,  and  sometimes 
clothes,  in  the  sink,  while  the  pipe  is  allowed  to  run,  so  that  no  esti- 
mate of  the  quantity  can  be  obtauied.  Similar  obstacles  exist  in  the 
better  class  of  houses,  which  are  supplied  with  baths  and  water-closets; 
but  nevertheless  an  approximate  estimate  may  be  arrived  at  in  these 
cases,  while  amongst  a  class  which  constitutes  more  than  half  ot  the 
whole  population  in  these  towns,  tolerably  correct  measurements  may 
be  obtained.  I  allude  to  those  families  who  derive  their  water  supply 
from  stand-pipes. 

While  engaged  on  the  subiect  of  water  supply  in  the  bcotch  towns, 
I  obtained  the  assistance  of  parlies  fully  conversant  with  the  dwelhngs 
of  various  grades  of  the  working  classes,  and  such  a  number  of  examples 
were  taken  as  in  the  opinion  of  those  parties  afforded  fair  average  speci- 
mens from  which  to  draw  conclusions.    It  is  a  practice  with  the  working 
classes  in  Glasgow,  Paisley,  and  Stirling,  to  carry  the  water  from  the  stand- 
pines  into  their  houses  in  vessels  of  a  uniform  size,  some  of  them  holding 
U  .rallons,  and  others  2  -allons.  This  was  ascertained  by  direct  measure- 
ment.   By  conversing  with  the  people  and  recalling  to  their  minds  the 
various  purposes  for  which  they  required  water,  there  was  no  difficulty 
in  learning  the  number  of  times  they  sent  their  vessels  each  day  to  be 
filled.    It  was  found  that  the  washing  of  clothes  was  performed  in 
some  instances  once  a-week,  but  in  the  majority  once  a-fortn,ght,  and 
the  people  readily  stated  the  quantity  of  water  required  for  that  special 
purpose.    By  dividing  this  quantity  by  the  number  of  days,  and  adding 
the  daily  proportion  to  the  quantity  required  for  other  purposes,  the 
following  istimates  of  the  daily  supply  of  each  house  were  obtam  d 
The  people  stated  that  the  quantities  given  comprised  all  the  water 
used  for  every  purpose : — 
Daily  Houskhold  Consumption  of  Water  from  Stand-pipes  in  Glasgow,  north 
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Inmates. 
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per  House 
per  Diem. 
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21 

2 

2* 
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7 

5 

23 

8 

n 

24 

6 

31 

in  Glasgow. 
The  total  results  of  this  table  stand  as  follows 
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Houses. 

Number  of 
Inmates. 

Gallons 
of  Water 
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per  Diem. 

Gallons 
of  Water 
per  Head 
per  Diem. 

24 

114 

931 

0-82 

Dr. 

Sutherland. 


The  portion  of  Glasgow  from  which  these  examples  have  been  selected 
has  a  constant  and  unlimited  supply  of  water  from  the  river  Clyde  by 
pumping,  and  I  now  proceed  to  give  the  results  of  a  similar  inquiry  in 
that  part  of  Glasgow  south  of  the  Clyde,  which  is  supplied  with  water 
on  the  gravitation  system  by  the  Gorbals  Water  Works  Company. 

Daily  Household  Consumption  of  Water  from  Stand-pipes  in  Glasgow,  south 

of  the  Clyde. 


Houses. 

Inmates. 

Gallons 
of  AVater 
per  House 
per  Diem. 

Houses. 

Inmates. 

Gallons 
of  Water 
per  House 
per  Diem. 

1 

3 

4 

11 

7 

2 

6 

4* 

12 

3 

3 

7 

6 

13 

3 

2 

4 

6 

6 

14 

5 

4i 

5 

3 

4i 

15 

4 

6^ 

6 

5 

6 

16 

4 

12 

7 

5 

6 

17 

4 

5 

8 

5 

8 

18 

10 

6 

9 

3 

6 

19 

4  . 

8 

10 

3 

3 

20 

7 

4i 

This  table  gives  the  following  results ; 


Houses. 

Inmates. 

Gallons 
per 
Day. 

Gallons 
per  Head 
per  Day. 

20 

97 

Ill 

M4 

The  table  which  follows  exhibits  the  household  consumption  from 
stand-pipes,  under  the  system  of  constant  supply  in  the  town  of  Paisley. 

Houses. 

Inmates. 

Gallons 
of  Water 
per  House 
per  Diem. 

Houses. 

Inmates. 

Gallons 
of  Water 
per  House 
per  Diem. 

1 

2 

3 
4 

5 
C 

3 
4 
4 
6 
4 
4 

H 

7 

H 

9 

7 
8 
9 
10 
11 
12 

4 

2 

8 
4 
3 
8 

^ 

'2 
11 
3 
4 

6i 

The  following  are  the  total  proportions  .- 
gallons  of  water  used  per  diem,  76  ;  total 
diem,  1-4  gallons. 


—houses,  12; 
consumption 


inmates, 
per  head 


54; 
per 
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Consumption  at  Stirling 


Dr. 

Sutlierland. 


At  Stirling  I  instituted  a  similar  inquiry,  and  the  result  was  that  the 
quantity  of  water  taken  from  stand-pipes  in  that  town,  for  domestic 
purposes,  did  not  exceed  two  gallons  per  head  per  diem. 

Jn  order  to  be  able  tu  form:  an  estimate  of  the  entire  quantity  of  water 
required  tor  the  daily  consumption  of  that  class  of  the  population  sup- 
plied by  stand-pipes,  it  was  necessary  to  aKcertain  approximately  the 
number  who  derived  their  supplies  in  ^this  way.  For  the  following 
estimates  I  am  indebted  to  Mr.  Mackain  and  Mr.  Hodges,  the  mana- 
gers of  the  water-works  in  Glasgow,  to  Mr.  Holms  of  Paisley,  and  to 
Mr.  Robertson  of  Stirling. 


Population 
supplied 
by 

Stand-pipes. 

Population 
supplied 
within  tlieir 
Dwellings. 

Glasgow,  north  of  1he  Clyde  . 

, ,       south        , ,           .  . 
PaisU'y  •  

100,000 
14,500 
23,690 
7,125 

165,000 
55,500 
6.000 
3,180 

The  estimates  are  formed  on  the  assumption  of  a  population  of  five  to 
a  familv,  which  is  considered  a  fair  average ;  and  the  statement  in  the 
preceding  tables,  I  believe  to  be  a  correct  representation  of  the  actual 
quantity  used.  I  am  aware  that  this  is  very  much  lower  than  is  generally 
believed,  especially  when  contrasted  with  the  quantity  sent  into  the  mains 
per  head  of  the  population,  and  I  was  myself  by  no  means  prepared  for 
the  results  which  tile  investigation  brought  out.  It  had  been  so  con- 
stantly affirmed  that  the  daily  supply  represented  the  daily  consumption, 
that  I  had  almost  arrived  at  the  conviction,  that  the  more  moderate 
estimates  of  what  could  be  used  for  domestic  purposes  were  very  much 
below  the  truth,  although  at  the  same  time  on  considering  the  habits  of 
a  large  proportion  of  the  working  population,  I  could  not  but  feel  that 
they  did  not  afford  Tery  strong  indications  of  a  liberal  use  of  this  prime 
element  of  health  and  cleai.liness.  ,  ^  , 

I  have  heard  the  great  discrepancy  accounted  for  by  assuming  a 
wasteful  use  of  the  water  at  the  stand-pipes,  by  washing  under  them ; 
but  all  I  can  say  is,  that  in  the  course  of  my  inquiries  I  never  met  with 
a  single  such  instance,  and  the  people  constantly  asserted  that  then- 
statements  as  to  the  total  consumption  were  correct  However,  with 
such  an  abundant  waste,  it  is  possible  to  be  a  httle  liberal,  and  I  shall 
therefore  assume  the  consumption  at  two  gallons  per  head  per  day,  and 
this  amount  would  indicate  a  supply  of  320,000  gallons,  as  being  suffi- 
c^mTnckr  the  present  system  of  distribution  tor  160,000  people  in 
Gklow  north  of  the  Clyde,  or  nearly  one-half  of  the  entire  populaUon, 
pro;rded  the  quantity  could  be  delivered  without  waste,  ^^^nie  idea 
however,  of  the  extent  of  the  latter  may  be  formed,  when  it  is  stated 
that  the  quantity  pumped  into  the  mains  for  this  proportion  of  the  popu- 
lation is  no  less  than  four  millions  ot  gallons  a-day. 

Th^  amount  required  for  the  domestic  consumption  of  23,690  persons 
\n  Paislev  or  about  three-fourths  of  the  consumers,  would  be  in  round 
,mbers"48,000  gallons;  while  the  actual  quantity  sent  into  the  mains 
is  a^ove  450,000 V^^^      Similar  discrepancies  will  be  found  to  exist 


.and  Paisley.  15 

elsewhere,  and  it  must  be  borne  in  mind  that  these  occur  in  populations  Dr. 
having  a  constant  and  unlimited  supply  of  water  always  at  their  com-  ^""^eriaiid. 
mand,  the  only  condition  being  that  the  amount  required  has  to  be 
carried  from  the  stand-pipe  into  their  houses,  and  that  the  water  used 
be  carried  out,  since  there  lare  Jio  sinks  or  domestic  .convenience  within 
this  class  of  dwellings. 

In  the  various  districts  visited,  I  found  very  clean  houses  even  amono-st 
the  poorest  members  of  society,  but  these  I  am  sorry  to  say  were  oSy 
exceptional  cases.  Setting  them  aside,  I  think  it  may  safely  be  stated 
that  the  proportion  of  water  used,  affords  a  tolerable  estimate  of  the 
state  of  domestic  cleanliness  among  the  poor.  The  smaller  the  quantity 
of  water  said  to  be  used,  the  more  filthy  was  the  dwelling;  and  I  feel 
satisfied  that  m  the  vast  majority  of  cases,  the  meagre  supply  taken  from 
■stand-pipes  is  rather  intended  for  the  absolute  wants  of  nature  than  for 
anything  beyond  them,  the  labour  of  carriage  being  an  insurmountable 
obstacle  to  the  liberal  use  of  water  for  household  purposes. 

There  is  a  considerable,  and  I  rejoice  to  sav,  an  increasing  class  of 
"workmg  mens  bouses  within  which  water-pipes  and  sinks  have  been 
•introduced;  and  in  Glasgow  several  dwellings  of  from  6/.  to  8/.  rent 
have  been  recently  htted  up  with  water-closets  and  shower-baths.  In 
these,  and  also  m  the  middle  and  upper  class  houses,  a  larger  quantity  of 
water  in  proportion  to  the  inmates  is  doubtless  used.  Were  there  no 
waste  from  the  supply-pipes,  the  actual  c^uantity  which  the  inhabitants 
of  these  houses  would  have  at  their  disposal,  after  all  the  people  supplied 

about" ^7  ^:^lT  ^  '"T*^.'  ^^^"7"^  ^^^^""^  --^d  be^omewher. 
showfJt^  ^'-'^  P^\d,em.    A  moment's  consideration  will 

Lihow  r  and  ^l^'^^  '^^^ '^^^-^^  Mo  Consideration 

tided     Nn  ^  plunge-baths  with  which  many  of  the  bouses  are  pro- 

'iumber  Sinot  L  ''^f  ''T^'  ^^''""'^  therefore  the  precise 
number  cannot  be  ascertained  from  the  water  company's  books  -  but  if 

20?^    '?"'^  "orthof^the^  Clyde  of  fr  m 

20  .  to  30^.  rent  is  supplied  with  a  shower-bath,  there  would  be  3  729 
of  hese  conveniences;  and  if  it  be  also  assumed  that  every  house  of 
ccouSt;  a  '""f"'  ^?o^  Pl-S-bath,  water  wouli  ha^  o  be 

hav'^tei^  b?f  Xotl'fH^"  1  ^  1  ^^'^"'"^^  ^^^^^^  — menls  I 

ie.s  X  '  h'^^^^^^^^^^^  P-  1-ad  which  !n- 

•"^'-al  custom  in  Sas  'w   "n   r    '^,t «f  <^^othe.,  it  being  the 

The  foilowi  r.^p!^         P^'^P™       0P^'«ti«n  at  home.  ^ 
'Of  Stirling^.  ^  nieasuremeuts  have  been  sent  me  by  Mr.  Robertson 
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Consumption  at  Bolton^  and  Bury. 


Ur. 
Sntherlsntl. 


Gallons 

Gallons 

Houses. 

Inmates. 

per  House 

per  Head 

per  Day. 

per  Day. 

1 

7 

21 

3 

2 

5 

20 

4 

3 

5 

24 

4^ 

4 

5 

56 

111 

5 

12 

50 

6 

5 

43 

H 

7 

6 

100 

163 

Totals 

45 

314 

7 

The  averao-e  given  of  7  gallons  per  head  is  too  great,  as  it  was  wash- 
incr-day  in  houses  4  and  7,  which  accounts  for  the  quantities  being 
doubled,  but  as  this  happens  generally  once  a  fortnight  the  additional 
amount  must  be  deducted  in  these  two  cases,  and  a  like  proportion 
added  in  the  others,  which  would  give  an  average  consumption  in  the 
better  class  of  houses,  including  washing  and  water-closets,  ot  little 
more  than  bl  gallons  per  head  per  day.       ^  .     .  . 

Mr  Robertson  gives  an  instance  of  four  families  livmg  in  the  same 
block,'  and  having  water-closets,  and  supplied  by  one  large  cistern. 
The  quantity  drawn  in  this  case  was  182  gallons  for  11  inmates,  being 
at  the  rate  of  about  lOf  gallons  each.  In  this  instance  also  it  was 
washing-day  in  two  of  the  families.  In  another  case  7  families  con- 
sisting  of  31  persons,  each  house  being  also  supplied  with  a  water- 
closet,  consumed  284  gallons  a  day,  or  about  9  gallons  each. 

I  have  made  several  attempts  to  procure  measurements  of  the  quan- 
tity of  water  actually  used  under  the  constant  supply  at  Boltmi  and 
Bury,  but  hitherto  without  success.  The  quantity  reported  to  be  sent 
a^.to\he  mains  at  Bolton  is  about  15  gallons  per  head  for  each  con- 
sumer, and  at  Bury  about  16  gallons  per  head.  As  there  are  no  stand- 
pipes,  or  other  means  of  comparison,  an  approximation  to  the  actual 
Snsumption  cannot  be  obtained,  but  sufficient  has  been  stated  in  re- 
tard to  other  places  to  show  that  the  quantity  discharged  into  the 
^ains  is  no  criterion  of  that  which  is  really  drawn  w.thin  the Jiouses  * 
The  discussions  on  the  water  question  in  Liverpool  ha^^  led  to 
importan  measurements  there.  I  have  the  authority  o  Mr.  Newlands 
the  borm  gh  engineer,  for  stating  that  the  result  of  a  direct  expenment 
as  to  the  ^consumption  of  water  for  all  purposes,  made  in  a  first  cla  s 
house,  i  xc  uding  washing,  baths,  and  water-closets,  was  7  gallons  per 


o.      .1.     1    ,  i,oc  l^PPn  in  tvpe  I  have  received  the  following  information  on 
*  Sxnce  the  above  hash  en  m^^^^^^^^  Parkinsons  (of  Bury),  patent 

the  subject  from  Mi.  Hai per,  uurj  .  Family,  seven  persons.  The 

>vater  meter  at  work,  in  a  house  of  l;';''->f '  n"  ns  i.er  diem.  It  includes  ■ 
result  of  one  week's  test  is  exactly  28/  k-'  "^J^  l  .T'^^^'^,  ;"„e  head  per  diem, . 
a  washintr-dav."    This  accurate  measmement  gives  0,  gallons  per  \  ,  f 

and  appr?ximLes  closely  to  the  measurements  m  J^^^"  ^.t, "  ^h:ad  1 

.3.  2ra-week  rent  the  same  .neter  gave  a  P^'-^^^^  or'^^-";  K^sons  in-  • 

r  ain  water. 


At  Liveiyool.  Waste. 
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head  per  diem.    A  like  measurement  was  made  of  the  supply  to  one  of  gutheriand. 
the  Liverpool  hospitals,  and  it  was  found  to  be  10  gallons  per  head  per  — 
day ;  but  it  is  only  fair  to  state  that  the  consumption  in  hospital  is 
higher  than  for  domestic  use,  on  account  of  the  large  comparative 
quantity  required  for  baths,  and  the  still  larger  amount  consumed  for 
the  continuous  washing  required  amongst  sick  persons. 

The  Liverpool  workhouse  contains  about  2,000  inmates,  and  is 
supplied  with  water-closets,  baths,  &c.  The  consumption  in  this  house 
was  found  to  be  somewhat  under  3  gallons  per  head  per  day. 

If  any  reasonable  allowance  be  made  for  domestic  consumption,  it  is 
obvious  that  a  prodigious  waste  of  water  must  occur  in  some  form  or 
other.  Mr.  Mackain  stated  that  the  quantity  pumped  into  the  mains 
solely  for  domestic  use  was  between  10,000,000  and  11,000,000  of 
gallons  a-day  in  Glasgow  north  of  the  Clyde,  which,  after  a  large 
deduction  for  waste,  would  still  leave  25  gallons  per  head  of  the  popu- 
lation for  actual  consumption. 

From  the  Gorbals  Avater-works  the  estimated  average  supply  is 
about  32  gallons  per  head.  In  Paisley  it  is  about  20  gallons,  and  in 
iStirliug  13  gallons.  These  are  the  quantities  actually  flowing  into  the 
mains,  exclusive  of  the  supply  for  public  works,  and  all  similar  pur- 
poses; and  yet  notwithstanding  the  great  differences  in  quantity,  the 
people  asserted  in  every  case  that  they  had  as  much  water  as  they 
could  use;  in  fact,  the  largest  amount  per  head  taken  from  stand-pipes 
was  in  the  town  of  Stirling,  where  the  absolute  quantity  flowing  from 
the  reservoirs  is  very  much  less  than  in  any  other  instance,  and  it  thus 
becomes  an  object  of  paramount  importance  to  inquire  into  the  causes 
of  these  discrepancies. 

The  very  first  circumstance  in  the  inquiry  which  attracted  my  atten- 
tion was  the  enormous  and  continuous  waste  not  only  from  the  stand- 
pipes,  but  also  from  water  taps  on  stair  beads,  and  within  private 
houses.  It  was  stated  that  there  were  1,800  stand-pipes,  with  |-inch 
taps,  belonging  to  the  City  of  Glasgow  Water  Company.  The  number 
in  Paisley  was  said  to  be  about  600,  and  in  Glasgow,  south  of  the 
Clyde,  about  200.  With  very  few  exceptions  those  which  I  myself 
saw  were  leaking  to  a  considerable  degree,  and  I  feel  satisfied  that  in 
numerous  cases  the  leakage  amounted  to  many  times  the  supply  required 
for  the  whole  neighbourhood. 

Mr.  Mackain  informed  me  that  he  had  six  men  always  employed  in 
attending  to  these  common  taps  belonging  to  the  Glasgow  Water 
Company,  to  see  that  they  are  in  good  order,  and  that  the  water  is  not 
allowed  to  run  to  waste,  and  yet  it  was  found  impossible  to  prevent  it. 

He  also  stated  that  the  people  would  sometimes  put  a  nail  into  the 
tap  to  keep  it  open,  and  that  the  water  is  thus  left  running  under  a 
head  pressure  for  days  together  till  it  is  discovered.  It  appears,  also, 
that  in  several  instances  the  new  supplies  have  been  transmitted  through 
the  old  works,  and  doubtless  a  good  deal  of  loss  arises  from  this  circum- 
stance. All  parties  were  agreed  that  the  waste  of  water  must  be  very 
Th  Jrl'^""^^""'  ascertain  that  any  remedy  had  suggested  itself, 
inus  Mr.  Mackain  states  that  no  less  than  3,000  gallons  per  minute 
Wnto^A?"'?  pumped  into  the  mains  of  the  City  of  Glasgow 

w  ater-W  orks  to  keep  them  charged  during  the  night. 

ine  quantity  which  passes  into  the  mains  of  the  Gorbals  Gravitation 
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PFaste  a  consequence  of  separatin/j 


SnOieriand.'  Company  was  said,  by  the  superintendent  at  the  water-works,  to  be 
—  about  1  fjO  cubic  feet  per  minute  during  the  ni^ht  hours  ;*  and  into  those 
of  the  Paisley  Water  Company  about  70  cubic  feet  per  minute.  These 
estimates  are  exclusive  of  the  supplies  for  storage  at  the  various  works ; 
and  as  only  a  very  small  quantity  can  be  drawn  for  domestic  purposes 
in  the  dead  of  the  night,  I  fear  tbey  must  be  set  down  as  representing 
approximately  the  loss  from  leakage  in  the  services.f  ^ 

Under  any  system  of  water  supply  it  would  probably  be  always 
requisite  to  count  on  a  certain  amount  of  waste  from  carelessness;  but 
surely,  in  the  present  state  of  engineering  science,  it  is  possible  to  effect 
such  improvements  in  the  distributary  apparatus  as  to  diminish  greatly, 
if  not  altogether  to  prevent,  the  loss  from  leakage. 

Another  source  of  waste  appears  to  proceed  partly  from  defective 
filtration  of  the  water,  and  partly  from  the  deposit  of  oxydes  from  the 
iron  mains.  These  causes  act  in  a  twofold  way :  the  body  of  the 
water  is  not  so  clear  as  it  ought  to  be,  and  the  first  portions  drawn 
from  the  stand-pipes  and  taps  are  always  more  or  less  muddy;  so  that 
I  found  the  people  were  in  the  habit  of  allowing  the  water  to  run  for  a 
short  time  before  taking  what  they  required  for  use,  and  that  it  was 
also  found  necessary  to  flush  the  mains  very  frequently  in  order  to  keep 
them  clear  of  deposit.  There  is  nothing  in  either  of  these  causes  of 
waste  which  might  not  apparently  be  easily  remedied  ;  for  in  the  first 
place,  no  water  should  be  supplied  which  is  not  perfectly  pellucid  and 
free  from  suspended  matter ;  and,  on  the  other  hand,  it  is  no  doubt 
possible  to  coat  the  inside  of  the  mains  with  some  substance  impervious 
to  the  action  of  water. 

My  own  opinion,  in  reference  to  the  tiltimate  cause  of  this  waste,  is, 
that  it  must  be  attributed  to  the  practice  hitherto  followed  of  separat- 
ing the  distributary  apparatus  from  the  works  of  water  supply.  The 
water  companies  have  taken  the  steps  they  thought  best  for  obtaining 
an  abundant  and  pure  supply,  and  for  laying  down  mains  to  convey  it 
to  the  localities  where  it  was  required;  but  from  this  point  the  whole 
distribution  has  been  conducted  pretty  much  at  hazard.  There  has 
been  no  oversight  exercised  upon  the  supply-pipes  or  taps,  which  are 
frequently  of  unsuitable  construction  and  in  a  bad  state  of  repair.  It  is 
true  that  powers  generally  exist  enabling  the  companies  to  enter  private 
dwellings  and  inspect  the  services,  but  practically  they  have  not  been 
exercised,  and  there  is,  so  far  as  I  know,  no  legal  provision  for  insuring 
the  use  of  any  improved  apparatus,  however  excellent.  It  may  be 
truly  stated,  that  at  present  the  large  supplies  furnished  to  the  towns 
which  I  visited  are  required,  1st,  for  wa^te;  2nd,  for  domestic  supply. 
A  small  portion  of  the  engineering  talent  which  has  been  bestowed  on 
the  works  would  readily  discover  means  for  reducing  the  waste;  and  I 
have  seen  nothing  in  the  whole  of  the  inquiry  which  could  justify  the 
very  high  estimates  which  have  been  given  as  to  the  quantity  required 
for  absolute  consumption.  If  the  public  are  determined  that  the 
existing  form  of  management  shall  continue,  there  appears  to  be  no 


*  More  accurate  inquiries  on  this  point  are  being  made. 

■)•  I  have  been  informed  by  Mr.  M'Donald,  the  water  inspector  at  Liverpool,  that  he 
recently  discovered  a  wastage  in  a  cellar,  which,  on  a  modcrale  calculation,  had  been 
discharging  at  the  rate  of  42,000  gallons  a-day  for  the  last  12  or  15  months. 


Works  of  Distribution  and  Supply. 
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alternative  but  to  submit  to  (he  loss,  and  to  pay  the  very  heavy  local  Sutherland, 
tax  which  it  involves ;  but  if  an  enlightened  view  of  the  question  be  — 
entertained,  and  if  it  be  really  an  object  to  obtain  an  abundant  and  cheap 
■water  supply  for  the  poor,  steps  must  be  taken  to  secure  the  union  of 
all  portions  of  the  works  under  one  management,  and  to  direct  engineer- 
ing talent  to  the  improvement  of  the  means  of  distribution. 

The  evidence  adduced  as  to  the  small  quantity  of  water  taken  for 
domestic  purposes  when  it  has  to  be  carried,  and  the  state  of  the  interior 
of  the  houses,  is  quite  sufficient  to  show  that  the  system  of  constant 
supply  from  stand-pipes,  although  beneficial  to  a  certain  extent  in  a 
sanitary  point  of  view,  is  by  no  means  sufficient  to  effect  all  the 
improvement  necessary  in  this  direction.    It  is  undeniable  that  houses 
into  which  the  water  had  been  conducted  were  very  much  cleaner  than 
those  into  which  it  had  to  be  carried  by  hand,  notwithstanding-  that  in 
both  cases  the  supply  was  unlimited  and  constant.    I  conceive  it  to  be 
indispensable  to  afford  a  constant  water  supply  to  every  house.  The 
water  and  soil-pipes  are  as  much  part  of  a  house  as  the  doors  and 
windows  ;  and  nothing  but  that  lamentable  neglect  of  public  duty  which 
has  delegated  the  important  function  of  supplying  the  population  of 
towns  with  one  of  the  vital  elements  into  the  hands  of  private  specula- 
tion could  have  led  to  the  disjoining  of  the  different  parts  of  the  same 
machine,  thereby  impairing  the  efficiency  and  increasing  enormously 
the  expense  of  the  whole. 

The  evidence  in  the  preceding  pages  appears  to  me  to  justify  the 
following  conclusions : — 

1st.  That  the  economic  value  of  soft  water  for  the  supply  of  towns 
has  been  fully  proved  by  experience. 

2nd.  That  the  use  of  soft  water  for  all  alimentary  purposes  is  more  con- 
ducive to  health  than  that  of  hard  water,  at  least  among  town  populations. 

3rd.  That  the  estimated  water  supplies  of  towns  have  in  many 
instances  greatly  exceeded  the  actual  consumption. 

4th.  That  under  existing  management  the  first  and  chief  necessity 
to  be  provided  for  by  water  companies  has  been  loaste  of  the  supply, 
while  the  domestic  consumption  has  occupied  in  reality  only  a  secondary 
position. 

5th.  That  this  waste  originates  partly  in  the  disjunction  of  works 
which  ought  to  be  united  under  the  same  direction,  and  partly  from 
defective  nature  of  .  the  services,  and  the  sm,all  amount  of  attention 
which  has  hitherto  been  bestowed  on  their  improvement. 
I  have  the  honour  to  be. 

My  Lords  and  Gentlemen, 

Your  obedient  servant, 
Liverpool,  22  May  1850.  John  Sutherland. 


PJdlip  Henry  Holland,  Esq.,  Surgeon,  formerly  of  Manchester, 

examined. 

Your  Report  on  the  sanitary  condition  of  Chorlton-upon-Medlock  Mr.  Holland, 
nas  been  read  by  the  Commissioners;  and  it  is,  moreover,  under-  — 
stood,  that  you  have  been  led  to  pay  special  attention  to  the  question 
as  to  the  water  supply  for  towns?— I  have;  I  took  an  active  part  in 
me  inquiry  for  an  mcreased  supply  and  improved  method  of  distribu- 
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—      tion  of  water  for  Manchester,  and  have  taken  great  interest  in  the  sub- 
ject frenerally. 

Where  do  you  now  reside,  and  with  what  water  are  you  now  sup- 
plied ?— I  reside  at  74,  Upper  Stamford-street,  Lambeth,  and  used 
to  be  supplied  with  water  by  the  Lambeth  Company.  The  water  is,  I 
understand,  derived  from  the  Thames  near  Waterloo  Bridge ;  I  now 
procure  a  supply  from  the  Vauxhall  Company.  The  water  is  taken 
from  the  Tiiames  near  Battersea,  which  is  not  quite  so  bad  as  that 
taken  near  Waterloo  Bridge. 

What  is  the  usual  quality  of  the  Lambeth  Company's  water? — It 
is  very  hard,  and  so  foul  as  to  be  quite  unfit  lor  drinking.  It  is  often, 
nay  generally,  offensive,  and  in  warm  weather  swarms  with  visible 
insects.  Even  when  filtered,  it  is  unfit  for  drinking,  and  is,  as  I  be- 
lieve, unwholesome.  To  render  it  fit  to  drink,  I  am  obliged  to  add  to 
it  lime  water,  as  recommended  by  Dr.  Clark,  which  precipitates  the 
chalk  and  much  of  the  organic  matter,  and  renders  it  less  hard,  and 
removes  its  unpleasant  taste  and  smell. 

Is  not  this  a  troublesome  process  ? — Not  very,  but  it  requires  con- 
stant attention,  and  is  apt  to  be  neglected.  It  is  very  unjust  for  the 
Company  to  impose  this  trouble  upon  me ;  they  charge  an  exorbitant 
price,  and  ought  to  supply  a  good  article,  instead  of  a  liquid  unfit  for 
either  drinking  or  washing  with,  until  I  do  with  it  what  the  Company 
ought  to  do  for  me.  It  would  increase  their  expenses  but  little  to  add 
the  lime,  and  filter  the  water ;  but  if  all  their  customers  do  as  I  do, 
their  total  expenditure  must  be  something  considerable,  and  if  they  do 
not,  they  must  suffer  losses  much  more  serious. 

How  do  you  mis  the  lime  water? — I  have  two  jugs,  one  holding 
13*  times  as  much  as  the  other.  I  fill  the  smaller  one  with  a  satu- 
rated solution  of  quick  lime  (lime  water),  put  this  quantity  into  the 
larger  one,  and  fill  it  up  with  the  water  to  be  purified,  and  mix  the  tw^o 
together;  chalk  is  formed  by  tiie  union  of  the  bi-carbonate  of  lime  in 
the  water  with  the  quick  lime  added  ;  this  falls  slowly  to  the  bottom  of 
the  jug,  carrying  with  it  most  of  the  organic  impurities  ;  the  clear  water 
is  filtered  for  use.  To  avoid  this  trouble,  or  rather  to  ensure  the  regular 
addition  of  the  lime,  I  have  constructed  a  simple  instrument  which 
mixes  the  lime-water  for  me,  and  requires  no  attention  except  adding 
fresh  lime  once  or  twice  a  month. 

Describe  the  apparatus? — It  is  very  simple,  as  may  be  seen  from  this 
drawing.  J  is  the  lime-water  jar,  which  is  placed  in  the  cistern,  with  its 
top  just  above  the  water  line  ;  in  this  I  put  a  few  pounds  of  quick  lime, 
which  requires  renewing  from  time  to  time.  On  the  top  of  the  jar 
is  a  zinc  dish  D,  into  which  the  water  from  the  supply-pipe  runs,  and 
is  stopped  when  the  cistern  is  filled.  This  water  entering  is  divided  into 
two  portions;  one  thirteenth  part  runs  through  the  narrow  notch  in  the 
pipe  B  into  tiie  jar,  ihe  rest  runs  direct  into  the  cistern  through  a  notch 
in  the  side  of  tlie  disli,  the  width  of  which  is  regulated  by  the  slide  S. 
The  water  in  the  jar  (iissolves  the  lime,  and  entering  at  the  top  displaces 
an  equal  quantity  of  this  lime-water  IVom  the  bottom,  which  overflows 
through  the  pipe  E,  and  mixes  with  the  fresh  water  entering  at  S. 

*  The  water  lias  about  17°  of  hardness,  and  14^°  of  alkalinity,  and  requires  very 
nearly  one-twelfth  part  of  lime-water  to  be  added  to  precipitate  the  dissolved  clialk. 
This  is  rather  more  lime  tliaa  the  London  water  generally  requires. 
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How  is  the  proportion  of  lime-water  to  be  added,  regulated? — gy  Mr. Holland, 
the  slide  at  S,  by  which  the  width  of  the  notch  may  be  increased  or 
diminished,  so  that  12  times  as  much  water  may  enter  the  cistern 


icujaM  noicu  (iitninishes  up- 
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wards,  by  which  compensation  is  made  for  the  increasing;  proportionate 
resistance  to  the  flow  through  the  narrower  notch,  as  the  dish  fills.* 

After  the  liming  and  filtering,  is  the  Lambeth  water  a  first-class 
water? — Certainly  not,  far  from  it.  It  is  still  hard,  though  much  less 
so  than  before,  neither  is  it  so  pleasant  to  drink  as  the  bright  sparkling 
mountain  water  with  which  Manchester,  for  instance,  is  to  be  supplied. 
Nevertheless  it  is  not  much  to  be  complained  of,  and  I  have  good 
reason  to  be  grateful  to  Dr.  Clark,  for  showing  so  easy  a  way  of  im- 
proving it  so  much. 

Can  you  not  improve  the  water  still  more? — Yes,  for  washing,  by 
addine:  to  it  a  little  oxalate  of  ammonia  or  of  soda.  I  use  the  former. 
This  precipitates  all  the  lime,  and  makes  the  water  very  soft. 

Do  you  consider  it  worth  while  to  take  all  this  trouble,  and  to  incur 
this  expense  forihe  sake  of  soft  water  ? — Certainly,  it  is  very  well  worth 
while;  in  fact,  without  liming,  I  consider  the  water  quite  unfit  for 
drinking  ;  though  it  varies  in  quality,  it  has  generally  a  very  perceptible 
taste  and  smell  which  the  lime  removes.  Then  as  to  softness ;  I  am 
charged  35^.  a  year  for  water  (which  is  far  too  much),  but,  however, 
water  costs  me  say  S<?.  a-week,  but  the  soap  for  my  family,  in  addi- 
tion to  that  for  the  washing  sent  out,  costs  about  1*.  6d.  a  week,  or 
twice  as  much  as  the  water.  It  is  evident  that  by  diminishing  the 
hardness  of  the  water,  and  thereby  the  waste  ofi^soap,  I  may  easily 
save  the  amount  of  my  water-rate  in  that  article  alone.  Besides  that,  I 
can  wash  comfortably  with  the  softened  water,  but  I  cannot  do  so  with 
any  quantity  of  soap  with  the  water  before  it  is  limed,  unless  I  have  it 
boiled  to  precipitate  the  chalk,  which  process  is  more  expensive  and 
troublesome.  I  should,  however,  much  prefer  being  supplied  with  a 
water  fit  for  ordinary  domestic  purposes,  and,  if  necessary,  paying  more 
for  it,  though  I  think  the  present  charge  exorbitant,  even  if  the  water 
were  good,  but  outrageous  considering  the  stuff  which  they  supply. 

Is  not  the  water  for  Lambeth  filtered  at  all?— I  think  not,  for  if  a 
flannel  bag  be  tied  round  the  supply-pipe,  it  gathers  a  quantity  of  mud 
resembling  that  on  the  Thames  bank,  and  having  "  a  very  ancient  and 
fish-like  smell." 

Have  you  tried  the  difference  of  hard  and  soft  water  for  cooking? — 
I  have  not  made  any  accurate  experiments  except  as  to  tea-making ;  I 
find  that  the  water  softened  by  means  of  oxalate  of  ammonia  extracts 
the  strength  of  tea  almost  twice  as  well  as  when  hard.  I  had  tea 
made  with  equal  quantities  of  the  leaf,  and  equal  quantities  of  boiling 
water,  with  and  without  oxalate  of  ammonia.  The  infusion  made  with 
water'softened  by  the  oxalate,  was  stronger  and  better  flavoured,  and 
had  to  be  diluted  with  the  addition  of  80  per  cent,  of  hot  water  to  bring 
it  down  to  the  strength  of  the  other.  It  follows,  therefore,  that  with 
the  oxalate  1  0  parts  of  tea  go  as  far  as  18  without  it. 

Does  that  saving  pay  for  the  expense ?— Over  and  over  again;  my 
tea  costs  me  about  Is.  a-week,  if  I  can  save  eight  parts  out  of  18, 1  can 
have  as  strong  and  better  flavoured  tea  for  less  than  Id.  a-week,  bemg 
a  saving  nearly  equal  to  the  water-rate.   It  is  not  easy,  however,  to  get 

♦  Since  the  sketch  was  made,  I  have  added  a  funnel  to  the  apparatus,  into  which 
the  lime-water  and  entering  water  flow,  so  that  they  may  be  more  tlioroughly  mixeti. 
I  have  also  placed  pieces  of  coke  in  the  jar  on  which  the  lime  rests,  thus  oflenug  a 
large  surface  to  the  action  of  the  water. 
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these  savings  effected  regularly;  it  is  apt  to  be  forgotten,  and  cannot  '^'^•-HoUan'i- 
well  be  left  to  the  servants.    It  would  be  far  better  to  have  a  water 
originally  soft,  if  it  were  procurable. 

Is  there  any  danger  in  using  the  oxalate  of  ammonia  or  soda  ? — Not 
the  slightest  with  common  care ;  the  water  does  not  require  quite  two 
grains  of  oxalic  acid  to  the  pint,  to  precipitate  all  the  lime  it  usually 
contains.  None  of  this  remains  in  solution,  and  if  a  slight  excess 
should  accidentally  be  used,  no  harm  is  done,  the  neutral  oxalates 
being  innocent ;  nay  even  a  small  quantity  of  oxalic  acid,  if  largely 
diluted,  would  be  quite  harmless. 

How  is  the  oxalate  of  ammonia  prepared  for  convenient  use? — By 
dissolving  one  troy  ounce  (480  grains)  of  oxalic  acid  in  a  quart  of  water, 
and  adding  as  much  carbonate  of  ammonia  as  will  saturate  it.  Until 
the  acid  is  saturated,  the  addition  of  the  carbonate  will  be  accompanied 
by  etfervescence ;  if  somewhat  more  be  added,  it  will  be  advantageous 
rather  than  otherwise.  This  quantity  ought  not  to  cost  more  than  Zd. 
and  would  soften  above  30  gallons  of  water.  A  small  teaspoonful  of 
the  solution  is  enough  to  precipitate  the  lime  contained  in  a  pint  of 
Thames  water ;  less,  indeed,  will  be  sufficient,  if  part  of  the  lime  be 
precipitated  by  previous  boihng.  More  ought  not  to  be  added  if  the 
water  is  to  be  used  for  making  tea,  as  more  will  give  a  taste  like  that 
of  soot. 

Do  you  recommend  this  mode  of  softening  wafer  for  washing  ? — It 
answers  very  well ;  but  I  think  the  use  of  caustic  soda  still  better,  if 
cautiously  employed.  Common  soda,  which  is  a  carbonate,  is  ren- 
dered caustic  if  a  solution  of  it  be  shaken  with  some  quick  lime,  which 
unites  with  the  carbonic  acid,  and  leaves  the  soda  free.  It  must  be 
kept  from  the  air  to  preserve  it  caustic,  and  used  cautiously,  or  the 
clothes  will  be  injured  by  it. 

Do  these  chemical  expedients  enable  you  to  avoid  the  evils  of  hard 
water  ? — To  some  extent  they  enable  tliose  who  have  sufficient  know- 
ledge and  care  to  avoid  those  evils.  It  is  idle,  however,  to  expect  that 
the  population  generally  can  employ  such  processes  as  I  have  described, 
properly ;  or,  even  if  they  could,  that  they  would  do  so  regularly.  It 
is  evidently  the  duty  of  those  who  have  to  supply  a  large  population 
with  water,  to  procure  the  pleasantest,  softest,  and  purest  water  which  is 
obtainable  at  any  reasonable  expense. 

What  amount  of  supply  do  you  consider  desirable  in  proportion  to 
the  population  ?— I  think  all  calculations  based  upon  the  present  con- 
sumption m  any  city  or  town  in  England  fallacious,  as  I  have  no  doubt 
tnat  the  consumption  of  water  will  at  some  future  period,  not  far  distant 
be  far  greater  than  it  now  is.  ' 

.  ?^'^c  o^n  ^  ^1^^^  ^^^^  present  generation  will  ever  consume  at  the 
rate  of  30  gallons  of  water  each  daily  ?-Probably  not;  recent  investi- 
gations appear  to  prove  that  a  large  portion  of  the  supposed  consumption 
be  nr!"''  f  that  estimate  was  based,  is  really  waste,  which  may 

oe  prevented;  to  that  amount  the  estimates  may  be  diminished,  but  the 
Seater  tr""^.'""  ^-^^  ^^^^"^^^y'  P^^bably  quickly,  become  far 
U  as  it  n       '1°°''  ^^'.^"^  '^^'^  be  the  means  of  providing  fo 

^eatVX'n  I'f '"T"  '"PP^^"         <=o"sumption  will  incLse 

tn,;7^-n  u  ^-  ^  ^t^-^-closets  are  universal  and  baths  verv  "-eneral  as  I 
trust  will,  before  long,  be  the  case.   There  are  many  purposes  to  whki 
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Mr. Holland,    ^^^j.  ^^^^^       Usefully  applied,  were  it  provided  in  sufficient  abun- 
dance,  for  which  it  is  no\v  little  used. 

You  allude  to  opinions  as  to  the  necessity  of  extra  supplies  for  flushinc; 
the  sewers  and  cleansing  the  streets  ?— Yes ;  or  rather  to  providing 
such  a  current  in  the  sewers  as  would  render  ilushing  unnecessary  by 
preventing  all  deposit,  and  in  assistinrr  in  the  cleansing  of  the  streets. 
It  often  happens  that  streets  cannot  be  cleansed  without  the  aid  of 
water  ;  and  if  it  be  attempted,  that  only  about  one-third  of  the  dirt  is 
removed  by  mere  sweeping  and  scraping,  the  rest  being  impacted 
between  or  adherent  to  the  stones.  This  is  proved  by  the  fact,  that  if 
streets,  when  the  mud  is  very  adhesive,  be  first  well  watered,  three 
times  as  much  dirt  may  be  removed  as  would  be  if  they  are  swept 
without  water,  allowance  being  made  for  the  water  contained  in  the 
wetted  mud. 

If  some  cheaper  method  of  watering  than  by  the  cart  were  devised, 
would  not  much  more  water  be  thus  used? — No  doubt,  very  much 
more.  There  is  no  doubt  either  that,  even  without  such  improvement, 
much  more  water  will  be  used  for  street  cleansing  than  has  hitherto 
been  usual,  for  as  the  public  learn  by  experience  the  great  advantages 
of  water-sweeping,  they  will  insist  upon  its  being  practised ;  and  very 
wisely  so,  for  its  advantages  far  exceed  its  cost. 

Have  you  witnessed  the  operation  of  street  clejyising  by  jet  ? — Yes, 
in  Preston,  Manchester,  and  London,  but  only  by  way  of  experiment. 

Do  you  think  it  will  supersede  sweeping? — I  do  not  think  it  will  ; 
but  I  have  no  doubt  that  the  two  might  be  advantageously  combined, 
to  a  great  extent,  if  water  were  supplied  abundantly  and  cheaply,  and 
at  sufficient  pressure  to  afford  a  strong  jet.  It  would  be  very  useful  to 
wash  the  footpaths  with  the  jet  early  in  the  morning. 

What  other  public  uses  for  increased  supplies  of  water  do  you  anti- 
cipate ? — I  think  it  very  desirable  that  provision  should  be  made  for 
numerous  public  fountains,  not  only  for  ornament,  but  to  provide 
water  for  horses,  cattle,  dogs,  and  other  animals.  Very  serious  evil 
is  now  suffered  by  animals,  especially  cattle,  from  the  absence  of  drink- 
ing places.  I  have  seen,  as  no  doubt  has  everybody  else,  bullocks 
driven  through  the  streets  with  their  tongues  covered  with  dust,  stop- 
ping at  every  wet  place  in  the  road,  hoping  to  find  a  mouthful  of 
water,  and  almost  maddened  with  thirst.  Dogs  also  suffer  severely  ; 
and  with  respect  to  horses  it  is  a  very  serious  evil.  It  is  very  common 
for  a  horse  to  be  out  all  day  without  any  water,  except  what  his  driver 
can  beg  or  will  buy ;  and  often  the  carter  is  so  indifferent  to  the  suf- 
ferings of  the  poor  animal  committed  to  his  care,  that  he  will  let  him 
pass  the  whole  day  without  water  at  all ;  this  could  hardly  happen  if 
drinking  places  were  as  common  as  they  ought  to  be. 

But  would  not  such  drinking  places  be  themselves  a  source  of  in- 
convenience ? — I  think  not  seriously  so,  if  they  were  made  small,  but 
numerous.  A  horse  stopping  to  drink  could  cause  no  more  incon- 
venience than  by  stopping  for  any  other  purpose;  besides,  we  ought 
to  submit  to  greater  inconvenience  than  is  at  ail  probable  to  avoid  the 
suffering  and  injury  inflicted.  We  have  no  right  to  use  animals  for  our 
use  or  convenience  without  taking  due  care  to  preserve  them  from  un- 
necessary suffering.  It  would  be  easy  at  the  same  places  to  provide 
means  for  persons  to  drink,  which  would  be  a  great  convenience  to  the 
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poor,  who  cannot  go  into  a  shop  to  ask  for  water.  I  have  no  doubt  such  HoUand. 
a  provision  would  check  drinking  of  intoxicating  liquors  very  much. 

What  other  new  demands  for  water  do  you  anticipate  ? — They  are 
Tery  numerous.    For  instance,  if  water  were  supplied  constantly  at 
high  pressure,  it  would  be  used  for  washing  windows,  and  possibly  the 
fronts  of  houses.    If,  as  is  probable,  ornamental  house-fronts  be  intro- 
duced, made  of  tiles  or  non-absorbent  bricks,  the  easiest  way  of  keeping 
them  clean  will  be  by  jets  of  water.    The  dingy,  monotonous,  and 
gloomy  appearance  of  our  streets  is  a  very  serious  evil,  which  it  would 
be  worth  making  great  efforts  to  remove.    The  good  effect  of  external 
beauty  and  cheerfulness  of  appearance  on  the  manners,  temper  and 
character  of  a  population  is  very  certain ;  but  we  cannot  preserve 
architectural  beauty  without  cleanliness  ;  and  as  there  is  no  probability 
of  keeping  the  air  free  from  smoke  (though  much  in  that  way  ou^U  to 
be  done),  we  cannot  hare  cheerful,  handsome  streets  without  the  means 
of  easily  cleansing  the  house  fronts.    If  such  means  were  introduced 
•I  have  no  doubt  that  external  ornament  would  be  more  freely  emploved  • 
probably  variety  of  colour  would  be  resorted  to,  if  the  colours  could  be 
preserved  from  being  lost  in  the  one  universal  hue  of  soot.    In  the 
suburbs  of  the  metropolis  it  is  probable  that  many  individuals  would 
have  smal  ornamental  fountains  in  their  gardens  if  they  could  be  easily 
and  cheaply  supplied,  and  so  increase  the  demand  for  water 

Do  you  anticipate  still  further  new  demands  for  water  Yes  manv 
For  instance,  at  present  many  tradesmen  employ  very  small' steam^ 
engines^  for  purposes  that  may  be  almost  as  cheaply  accomplishedTy 
hand  for  instance  coffee  grinding.  There  are  many  purposes  fo^r 
^hich  steam  might  be  substituted  for  manual  power  wifh  advantaoe 
were  It  not  for  the  cost  of  the  skilled  labour  required  to  attend  to  ft 

L  noUvaTd'lT'  "^^^      '""^  when^S  p^wer 

is  not  wanted.  If  some  hydraulic  engine,  such  as  the  tourbine  were 
employed,  and  worked  by  water  from  the  pipes,  which  could  be  si! 
a  work  and  stopped  in  an  instant,  consuming  io  po^er  except  when 
at  work,  requiring  no  skilful  mechanic  to  work  it!  and  beini  nnit' 
free  from  risk  from  fire  or  explosion,  there  is  no  doubt  that^nSme 
rous  apphcations  of  such  power  would  be  introdled  fAlh 
yet,  scarcely  thought  of.    It^ould  be  easy  to  wol  e^^^^^^^^^ 

the  smaKrint^^^^^^         Such  an  instrument  would  work  presses  in 
^ri<r\Z  ^  ""^^""^        """^  ^l^iJe  having  a  steam 

yli  deVa!tedunT\  "  ""P^^  '^^^^"1'^  P^-^  with  a  Trge 

the  hydraulic  enSne  ^  '  ^'^T^  P'^'"'  "^'S^'  ^«rked  by 
ttieir  ^"'""•■^  r3^\  ^'"'•k  their  lathes,  and  smiths 

crushec  b    thJ  s^^lVZ:  ^'^f  ""^^t  be  cut,  and  oats  and  bean 
the  various  uses   o  wh^^h  ?  u'' " impossible  to  mention  all 

constantly anrathl^hptslT'^^^^^^^^^^  '^"^^^^  ^"PP^-d 

fmes  procured  rather  to  X      T.    .  "^^^^  «ome- 

f-any^eonomicauS^^^^^^^^  «hops,  than 

attamed  by  engines  wXffv  11  P""""  '  '''^"^^  ^"^^  be 
extensive  new^  tradl  w  n  .H v^'"''"'''    ^  ^"^^  "'^  ^°"bt  that  an 

will  gradually  grow  out  of  the  application  of 
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Mr.  Holland. 

_  water-power  to  small  purposes,  when  the  system  of  constant  service  at 
high  pressure  shall  be  in  operation  in  London,  Manchester,  and  Liver- 
pool, and  the  other  great  seats  of  industry.  In  order,  however,  that 
this  may  be  tlie  case,  the  supply  must  be  ample  and  the  charges  to 
large  consumers  very  moderate.  I  may  mention  that  water-cranes  are 
now  in  use  at  Liverpool  and  Newcastle,  and  are,  I  understand,  econo- 
mical even  at  the  present  charges  of  the  Companies  for  water. 

But  with,  such  charges  could  a  fair  income  be  derived  by  supplyin"- 
water  for  these  mechanical  purposes No  doubt  of  it.  I  have 
known  a  warehouseman  pay  20/.  a-year  rent  for  the  occasional  power 
derived  from  a  neighbour's  steam-engine,  for  working  his  packing- 
presses.^  Many  persons  now  employ  little  steam-engines  which  are 
uncertain,  troublesome,  and  dangerous ;  if  the  same  power  were  given 
by  water  without  the  trouble,  uncertainty,  and  danger,  many  more 
persons  could  employ  it  than  now  use  sieam-engines,  and  the  cost 
might  be  far  less  than  that  of  the  engines,  and  yet  leave  a  handsome 
profit  on  the  cost  of  procuring  the  extra  quantity  of  water  required. 

What  is  the  source  of  such  economy  ?  Does  it  not  require  as  much 
extra  power  to  lift  the  water  required  to  work  these  hydraulic  engines 
as  they  can  possibly  exert Certainly,  more  by  the  friction  lost.  But 
large  engmes  are  employed  for  pumping  and  small  ones  are  got  rid  of, 
and  the  cost  of  a  small  engine  is  very  great  in  proportion  to  the  power 
it  exerts,  especially  if  it  be  not  worked  constantly;  the  cost  of  attend- 
ance, repairs,  &c.  being  very  great  in  proportion  to  the  power.  With 
simple  hydraulic  engines,  on  the  contrary,  no  special  attendance  would 
be  required,  and  there  need  be  no  expense  incurred,  except  when  the 
engine  was  actually  at  work.  The  supplyers  of  the  water  and  the  em- 
ployers of  the  power  would  divide  the  resulting  advantages,  the  forn^ier 
might  sell  this  power  (for  small  purposes  and  for  only  occasional  uses) 
for  much  more  than  it  costs,  and  yet  supply  the  customer  with  power 
for  such  purposes  cheaper  than  he  could  obtain  it  in  any  other  way. 

And  you  think  there  would  be  a  large  demand  for  water  for  such 
purposes  ,P — No  doubt  of  it.  At  a  very  small  cost  any  persons  wishing 
for  the  services  of  a  one  or  two  horse  engine  for  an  hour  or  two 
a-day,  might  have  it  without  trouble,  risk,  or  uncertainty ;  and  there  is 
no  doubt  that  such  an  advantage  would  be  very  extensively  used. 
Though  the  introduction  of  such  novelties  would,  of  course,  be  gra- 
dual, I  do  not  think  it  would  be  very  slow,  if  the  charge  for  the 
power  Were  not  very  much  more  than  the  cost  of  raising  the  additional 
water  required  and  the  expenses  attending  its  distribution. 

Have  you  known  very  serious  domestic  mischiefs  produced  by  the 
insufficient  supply  of  water  ?■ — I  am  not  acquainted  with  the  domestic 
life  of  the  London  population;  but  in  Manchester  the  evils  I  have 
become  acquainted  with  from  want  of  water  are  of  enormous  magni- 
tude. In  that  town  a  very  large  proportion  of  the  population  (in 
1847  nearly  one  half)  have  their  supply  of  water  from  pumps,  the 
great  majority  of  these  get  it  from  pumps  which  are  kept  locked  up, 
except  during  a  short  time  each  day,  consequently  the  supply  pro- 
curable is  very  scanty.  This  scantiness  of  supply  leads  to  great  neglect 
of  cleanliness;  for  instance,  I  have  known  the  water  used  for  washing 
a  room  kept  to  vvash  it  with  again  and  again,  till  it  became  dreadfully 
offensive.    I  have  known  persons  come  to  their  work  unwashed,  and 
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wash  themselves  at  their  employers,  because  they  had  no  water  at 
home,  I  have  known  a  man  wash  himself  in  water  so  offensive  that 
it  made  his  eyes  sore,  and  I  have  frequently  known  the  only  water  to 
be  got  to  drink  evidently  and  perceptibly  polluted  from  some  neigh- 
bouring drain  or  cesspool.  It  is  impossible  to  doubt  that  such  cir- 
cumstances must  debase  a  population  and  must  render  them  prone  to 
resort  to  beverage  less  disgusting.  It  is  in  short  impossible  to  over- 
estimate the  importance  of  securing  to  the  whole  population  an  ample 
supply  of  pure  water.  A  good  water  supply,  ample  in  quantity,  and 
universal  in  distribution,  is  an  essential  preliminary  to  sanitary  improve- 
ment. 

It  is  understood  that  you  have  given  much  consideration  to  the 
machinery  by  which  sanitary  improvements  should  be  worked.   Do  you 
agree  in  the  opinion  that  the  control  of  the  water  supply  and  of  the 
drainage  should  be  vested  in  the  same  authority  ? — Decidedly,  and  for 
various  reasons.    In  the  first  place  not  only  are  both  proper  water 
supply  and  proper  drainage  necessary  for  every  inhabitant,  but  each  is 
essential  to  the  other;  without  proper  water  supply  the  drains  are  cer- 
tain to  become  the  receptacles  of  decomposing  filth,  and  themselves 
sources  of  disease  and  danger,  and  without  drainage,  water  supplied  is 
apt  to  become  a  nuisance  by  causing  dampness.    Secondly,  the  works 
for  bringing  pure  water  into  and  carrying  foul  water  out  of  the  houses 
are  more  economically,  and  likely  to  be  more  effectually,  constructed 
together  than  separately.    Thirdly,  though  it  is  essential  that  water 
enough  to  carry  away  the  filth  be  supplied,  waste  is  injurious,  not  only 
because  it  requires  more  power  to  pump  it  in,  but  because  much  of  it 
will  have  to  be  pumped  out  again  if  the  lower  sewers  are  to  be  kept 
clear  at  all  times,  and  still  more  so  when  the  sewage  is  used  for  agri- 
cultural reproduction.    Those  who  will  be  most  inconvenienced  by  "the 
waste  (i.e.  those  who  will  have  to  dispose  of  the  sewage)  ought  to 
have  authority  over  the  supply,  for  which  reasons,  among  others,  the 
water  supply  and  the  drainage  ought  to  be  placed  under  the  same 
authority. 

Is  it  not  also  desirable  that  the  paving  and  cleansing  of  the  streets 
should  be  placed  under  the  same  authority  as  the  water  supply  and 
drainage Such  a  consolidation  of  authority  would  be  a  source  of 
greatly  increased  economy  and  efficiency.  No  one  ought  to  be  allowed 
to  meddle  vvith  the  streets  except  those  appointed  by  the  authority 
responsible  for  their  proper  condition.  If,  as  sometimes  happens,  one 
authonly  direct  the  formation  of  the  streets,  another  their  repairs,  a 
third  their  cleansing,  a  fourth  their  drainage,  while  a  fifth  and  sixth  are 
empowered  to_  tear  up  the  pavement  for  laying  down  and  repairing- 
water  or  gas-pipes,  the  public  can  have  no  security  for  such  streets  ever 
Sfr-r  .  condition.  It  is  true  that  such  extreme  division  of 
teTluJu'  but  it  is  possible,  and  to  a  greater  or  less  ex- 

L  divirU  ,  '"J""'^"^  .'^.ivision  of  authority  is  universal.    Where  authority 
W    n      Po^S'bility  is  to  a  great  extent  destroyed.  ^ 
matte's  nnJr"      ^"J  ^l'^^^'  P"^^''^  advantage  from  having  all  these 
rXnsibiT^v' °  v'"^       '^"'^  '^^'^^  increasing  the 

rToZ  'SoaT/f'  "V  ^- •  '''''''  P^^P^'-ly  kept 
trouWe^and  exn^^^^  ''""''''^  '^'^  ^"d  less 

and  expense  ,s  incurred  for  keeping  them  clear  ;  and  if  those  who 
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air.  iioUand.  j^j^^g  ^y^^  control  of  tlic  Streets  have  also  the  control  of  the  water  and 
sewers,  they  may  greatly  facilitate  and  economise  the  proper  cleansing 
of  the  streets  on  wiiich  their  maintenance  in  good  condition  so  much 
depends.  Water  might  be  economically  used  for  cleansing  to  a  very 
great  extent,  either  with  the  jet  or  water-cart,  if  it  were  supplied  at  cost 
price,  and  if  it  were  not  for  the  cost  of  carting  it  away  in  the  form  of 
slop.  This  cost  might  be  avoided  by  making  arrangements  by  which 
the  slop  (produced  by  wetting  the  streets  previous  to  sweeping)  might 
"be  conveyed  away  through  the  sewers.  There  would  be  no  danger  of 
obstructing  the  sewers  by  shooting  the  slop  into  those  only  of  large  run, 
and  the  manure  need  not  be  lost,  as  the  sweepings  would  add  to  the 
strength  of  the  sewage.  Of  course  the  public  would  receive  the  advan- 
tage of  any  economy  thus  produced,  either  in  increased  comfort  or 
diminished  expenses,  and  many  lay-stalls  might  be  got  rid  of,  and  the 
nuisance  of  slop-carts  in  the  streets  avoided. 

Are  you  aware  of  any  serious  inconveniences  and  disadvantages  from 
the  large  number  of  different  authorities  having  control  over  the  various 
streets  of  the  metropolis  ? — The  disadvantages  are  very  great.  In  many 
instances  there  is  a  very  disproportionate  expence  incurred  for  super- 
intendence ;  in  others  the  officers  are  paid  for  part  only  of  their  time, 
and  often  are  not  paid  such  salaries  as  will  secure  men  of  sufficient 
education  and  knowledge.    If  the  districts  were  larger  it  would  be 
evidently  worth  while  to  secure  for  officers  men  of  higher  rank,  who 
would  devote  themselves  exclusively  to  their  duties.    Again,  the  great 
subdivision  of  London  leads  to  great  injustice.   Suppose  the  inhabitants 
of  one  parish  are  desirous  of  having  their  streets  in  good  order  and 
clean,  unless  the  adjoining  districts  concur  a  great  and  unjust  expence  is 
imposed  upon  the  cleaner  parish,  because  every  vehicle  which  passes 
from  a  dirty  on  to  a  clean  street  carries  dirt  from  the  former  to  the 
latter,  and  renders  cleanliness  more  difficult  and  expensive.  Further, 
the  inhabitants  of  London  have  an  interest  in  the  condition  of  other 
streets  besides  those  of  their  own  parish.    Besides  the  inhabitants  of 
Regent-street,  for  instance,  all  the  riders  in  the  5,000  vehicles  that 
daify  pass  through  that  great  thoroughfare  are  affected  by  its  condition, 
~    and  the  inhabitants  of  Regent-street,  who  have  to  bear  the  cost  of 
keeping  that  street  in  good  repair  and  well  cleansed,  for  others  benefit 
as  well  as  for  their  own,  may  fairly  feel  aggrieved  if  they  do  not  expe- 
rience the  benefits  of  good  and  clean  streets  when  they  go  into  other 
districts.    It  is  evident  that  justice  to  all  requires  that  in  every  part  of 
London  the  streets  should  be  kept  in  equally  good  condition,  and  as  the 
indirect  losses  occasioned  by  their  being  badly  paved  or  badly  cleansed 
far  exceeds  the  cost  of  keeping  them  in  a  proper  state,  it  is  to  the  inte- 
rest of  all  that  all  streets  should  be  well  kept.    This,  however,  never 
will  be  the  case  so  long  as  there  are  the  multitude  of  petty  and  uncon- 
trolled authorities  that  now  exist.    Either  one  authority  should  be  ap- 
pointed, responsible  for  the  condition  of  the  whole  metropolis,  repre- 
senting'and  acting  for  the  whole,  or  the  various  local  authorities  should 
exercise  their  powers  subject  to  the  superintendence  and  control  of  a 
central  authority.    I  have  no  hope  that  the  present  evds  will  be  got 
rid  of,  without  changing  the  system  of  local  government  (practically 
irresponsible)  under  which  they  have  grown. 
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Dr.  Arthur 

Dr.  Arthur  Hassall  examined.  Hassaii. 


1.  You  are  .  a  graduate  in  medicine  of  the  London  University  ?  I 

am  a  Bachelor  of  Medicine  of  the  London  University,  and  a  Fellow  of 
the  Linnsean  Society. 

2.  Have  you  directed  much  attention  to  subjects  of  natural  history  ? 
— I  have  ;  to  various  branches  of  zoology  and  botany. 

3.  Have  you  directed  your  attention  both  to  vegetation  and  to  the 
animal  life  which  accompanies  vegetation  in  waters  ? — I  have,  and 
especially  to  the  vegetation  occurring  in  fresh  water,  upon  which  in 
1842,  I  published  a  distinct  work,  entitled  "  A  History  of  the  British 
Fresh-water  Algae,"  and  which  contains  figures  and  descriptions  of 
nearly  500  species. 

4.  In  the  course  of  your  investigations  have  you  examined  many 
river  waters?—!  have  examined  the  waters  of  the  Thames,  the 
Ravensbourne,  the  Lea,  and  the  New  River,  also  those  of  the  rivers 
Colne  and  Wandle  and  the  springs  connected  with  these. 

5.  At  what  points  have  you  examined  the  Thames  water?—!  have 
made  a  series  of  observations  at  various  points  between  Kew  Brido-e 
upwards,  and  Woolwich  downwards.  I  have  also  examined  it  at 
Brentford,  Richmond,  and  at  Henley-on-Thames. 

6.  At  what  points  have  you  examined  the  New  River?— I  have 
examined  the  water  of  the  New  River  at  the  Spring  heads  near  Ware 
at_  the  reservoir  at  Cheshunt,  and  also  as  supplied  to  the  public  ;  ob- 
taining it  from  the  service-pipes  of  different  cisterns. 

7.  At  what  points  have  you  examined  the  Colne  ?— As  the  river 
passes  through  the  town  of  Watford,  and  at  the  spring  situated  in  the 
neighbourhood  of  the  town, 

8  At  what  points  have  you  examined  the  Wandle?— At  the  large 
pond  which  receives  the  drainage  of  the  town  of  Croydon,  at  the 
springs  at  Waddon,  and  also  at  Beddington,  below  Croydon. 

9.  What  waters  have  you  examined  which  may  be  called  pure 
waters,  to  serve  as  a  standard  of  comparison  ?— The  waters  of  the 
deeper  wells,  and  [spring-water  in  general,  these  containing  little  or 
no  living  organic  matter.  ^ 

.^7t        examined  any  waters  off  the  granite,  or  any  surface- 
T  ^  opportunity  of  examining  any  water  off 

granite  :  I  presume  that  the  greater  portion  of  the  water  of  rivers  is 
to  be  regarded  as  surface-water. 

natin;.^"^nr  ^^'^  ^^'■'^^'l^^        water  ?-!  have  made  several  exami- 
nations of  rain-water  immediately  after  its  descent  to  the  earth 

matter  /  -  '  ^"^^^1  or  vegetable 
nec  sa;v\^'°'"""i  ram-water  for  microscopic  examination,  it  is 

coTlectT^   T^^k  precautions  should  be  adopted  in  its 

P^SSV  vnv'f  '  received^should  be 

C  ftrabov7tf  other  buildings,  and  also  raised  some 
the  Tons  nf  ^  ' 5  or  otherwise,  in  some  cases, 
housL  sporulp^^''fi^  bring  down  from  the  roofs  and  sides  of  the 

Bheds,  pa  ngs  tTees  &c    ^"'^"'"'^  ^-"P  ^^-^^^ 


30        On  Water  kept  in  Butts.— Groioth  of  Animalcule. 

1  o  TTavP  vou  made  any  examination  of  the  water  of  rain-butts?— 
I  i^;e'lTa  Jn^tre  watlr  of  two  butts,  and  that  of  one  of  them  at 
—  two  distinct  periods ;  the  first  examination  was  made  a  week  after  its 
l\\  in  this  I  could  not  detect  any  trace  of  organic  matter  dead  or 
livin  j^  whUe  the  second  examination  was  made  at  the  expiration  of  a 
fortntht    on  this  occasion  I  observed  two  or  three  extremely  minute 

°?  t%"L1n?:arSrbttfsre  en,pt,,  otherwise  the 
e.te"t'a.d  variety  of  the  Hvi.g  orgamsms  presented  wou  d 

to  harbour 

have  been  greater,  as  these  ^^^'^^^^^^  igit  and  air,  the 

and  peatly  encourage,  exposed^^^^^^^^  g^^^^^  ^.^^^  ^ 

development  of  ^^V^^f"  7^oving  particle  noticed  in  water  must 
would  now  observe  that  every  movi^^^^^^^^  inorganic  substances 

not  be  mistaken  for  a  ^^^"g  .  ^^^^^^^ 
reduced  to  a  certain  state  of  divjsion^^^^^^ 

13.  You  would  l^^^^^  and 
waters  ?-Yes  ;  as  the  purest  «f  f  J^J^^^^'i^  Matter  contained  in  the 
I  would  observe  that  the  ^^^^^  7/,^'^XTna^^^^  bore  no  comparison 
water  of  the  two  butts  «-^^"^^"f^f  less, 
to  that  present  m  ''^T^^J^^,^^' ^''Xf  it  h^^  been  stated  that  waters 

14.  You  are  P^^.^^^^^  ^/.^^ft^^^ 
caught  out  at  sea  m  sails  and  casks  nave  ■         ^  ee 

mafcul^  ?-If  the  f  ^-^^^^'•/^^^^  very  probable  Lt, 

exposed  to  the  influences  of  J^S^         ^"^^^^  developed  in  it. 
after  a  certain  time,  infusoria  would^^^^^^  ^^^^^  .^^ 

15.  It  has  been  .stated  that  ammaM^^  .^^  ^^^^^^^ 
water,  however  quickly  it  inay  be  ^^^g  own  observa- 
doubt  the  accuracy  of  the  statement  it  is  opp         ^^i^^^cul^  would 

tions;  and  it,  ^o^^^^^^'.^PP^^ 'for  vapour  or  rain,  the  conditions 
not  meet  with  in _ water  m  a  ^^ate  f  vapour  ^^^^^ 

"rains  bring^^  ^^^^^^ 

:r  afaS  le^sr^r ^^^^^^ 

occurrences  are  rare  ^^^^f^^P^^^^^^^^   it  makes,  as  regards  vegetable 

11.  Are  you  ^ware  wha  differenc^^^^^ 
growth,  whether  the  water  IS  bard  ^  ,1,,  ,^ount  of 

that  circumstance  would  ^^^^^^^^^^  ™"^eing  more  influenced  by  air, 
vegetation  contained  m  water,  this  bemg 

light,  and  rest.  ,  .  ^^i^enomenon  occur  if  you  expose 

H,?18  As  a  general  ^^^"l  .llSr^-Yes,  the  development  of 
water  to  air  and  ^  ^^'^fi^^^^^^  with  free  exposure 

vegetable  and  animal  life      ^s^^""^  ^ 

to  the  influences  of  air  and  h^^^^^^^  ^^Pf^i^^'^/suc' 
19.  The  more  rapid  forms  oi  v  g  ^^^^^  ^^.j^^.  guc 

and  then  animal  life  appears  I'-^  es, 


cession. 
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20.  Have  you  made  any  experiments  for  the  purpose  of  determining  ^n^^u"' 
accurately  the  effects  on  the  development  of  vegetable  and  animal  life,  —  ' 
of  the  exposure  of  water  to  air  and  light,  and  also  the  effects  of  the 
deprivation  of  these  agents  ? — Conceiving  the  determination  of  the 
effects  of  air  and  light  on  the  development  of  the  lower  forms  of  vege- 
table and  animal  life  lo  involve  points  of  much  practical  importance 
in  reference  to  the  conveyance  of  water  long  distances,  and  to  the 
system  of  reservoirs  and  cisterns,  I  have  instituted,  with  the  above  view, 
several  experiments,  the  more  important  of  which  I  will  proceed  to 
relate  in  as  brief  a  manner  as  possible,  commencing  with  those  which 
have  reference  to  the  combined  influences  of  air  and  light. 

Into  a  number  of  bottles  filled  with  water,  there  were  introduced 
living  animal  and  vegetable  productions  appertaining  to  each  of  the 
principal  classes  of  the  lower  forms  of  organic  life,  as  follow  :  1.  En- 
tomostracecB ;  2.  Infusm-ia,  the  Thames  Paramecium,  and  Oxytricce 
principally ;  3.  Green  Infusoria  of  the  genus  Euglena ;  4.  Filaments 
and  sporules  of  green  Confervece;  5.  Desmide^;  6.  Diatomacem ; 
7.  Fungi. 

Examined  at  the  expiration  of  a  week,  the  several  organisms,  animal 
and  vegetable,  were  found  to  be  in  a  living  state. 

Again  examined,  at  the  end  of  five  weeks,  the  various  productions, 

with  the  exception  of  the  Thames  paramecium,  were  found  not  only 

to  be  in  a  living  condition,  but  to  have  multiplied  greatly,  other  species 

having  made  their  appearance ;  this  increase  was  particularly  evident 

in  reference  to  several  species  of  diatomacece  and  the  green  sporules 

of  confervece,  these  having  increased  to  such  an  extent  as  to  cause 

the  water  to  assume  the  green  hue  of  pond-water. 

The  Thames  Paramecium  had  disappeared,  but  the  oxytricce  were 
abundant. 

In  the  next  experiments  the  air  teas  excluded. 

The  same  number  of  bottles  were  filled  in  the  same  manner  as  in 
the  first  experiments,  but  in  place  of  being  open  to  the  air  they 
were  corked  and  sealed.  Submitted  to  examination  at  the  end  of  the 
first  week,  the  several  productions  were  observed  to  be  living,  and  the 
entmnostracecB  and  infusoria  to  be  as  active  in  their  movements  as  ever 
_  l^xammed  a  second  time,  at  the  expiration  of  the  fifth  week,  except 
in  the  case  of  the  Thames  pammecmm,  there  was  an  evident  augment- 
ation m  the  number  of  living  productions,  this  being  most  evident  in 
respect  to  the  entomostracecs,  confervece,  and  desmidecs,  of  the  genera 
scenedesmus  and  closterium;  the  increase,  nevertheless,  was  obviously 

wpI^.v^'"^^^  f  ^V^^  experiments,  where  the  productions 

were  exposed  to  both  air  and  light. 

In  the  following  experiments  the  light  was  excluded,  but  not  the  air 
The  same  number  of  bottles  were  prepared  as  in  the  previous  cases.' 
vefetabt  n^'"  ^^^^^^^  forms  bf  animal  and 

Ihini  ""if  V      ''^^     ^  ^^^l^^y  ^^"dition,  the  only 

atK:^:?^  ^^-ria   and  algc,  whicJ 

the  Lolc?'^  T'^       following  changes  had  occurred  : 

he  dT^  cTe^^^^^^^^^^^  ^''^V'"?  Paramecium  could  not 

in  a  livinl  'stnf  ""^     iT'  ^"'^^^  ^^^^^  '^^^'^  ^^'^  Present, 

living  state,  annehdce,  oxytricce,  rotifera,  and  a  large  blue  stejitor  ; 
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Arthur        ^.^q  jj^gl;  ^gj-g  ^ot  visible  in  the  water  when  first  placed  in  the 
^ !!!!  ■    bottle  ;  the  green  euglena,  confervecB,  and  desmidece  were  bleached  and 
dead :  no  certain  conclusions  could  be  come  to  with  respect  to  the 
diatomacece  a.ud  fungi. 

In  the  last  experiments  both  light  a?id  air  were  excluded. 
The  results  were  nearly  similar,  but  still  more  marked  than  in  the 
former  experiments;  in  the  bottle  filled  with  Thames  water  but  a 
single  paraiuecium  was  to  be  seen,  but  two  or  three  annelid^  and 
several  oxytric^e,  and  rotifera  :  the  rotifer  appeared  to  be  of  a  different 
species  to  that  present  in  the  same  water  not  excluded  from  the  air, 
and  there  were  in  the  last  no  examples  of  the  blue  stentor. 

In  no  cases  in  which  light  was  excluded  could  an  actual  increase  in 
the  number  of  living  productions  be  ascertained,  except  in  reference 
to  the  species  of  infusoria  of  the  genera  stentor  and  rotifer. 

Althouah  no  special  experiments  were  made  with  the  annelid^,  yet 
the  occurrence  of  these  at  the  expiration  of  five  weeks,  in  Thames 
water  excluded  from  both  light  and  air,  shows  with  what  tenacity  the 
vital  principle  is  retained  in  them. 

From  the  preceding  experiments  the  following  conclusions  may  be 

I'jrThat  the  combined  influences  of  light  and  air  favour,  in  a  high 
degree,  the  growth  and  development  of  the  lower  forms  of  animal  and 

vegetable  life.^^^  the  limited  growth  and  development  of  the  majority 
of  the^e  forms,  a  partial  exposure  to  air  is  sufficient,  since  many  species 
increase  and  multiply  in  sealed  vessels.  ,     .  ^ 

3rd  That  light  is  decidedly  necessary  to  the  prolonged  existence  of 

the  entomosiraccB.  .  „      .       ,  ; 

4th.  That  it  is  not  less  necessary  to  the  g^'^.^^fi/^^^V^/^^^^^^^ 
5th  That  while  many  species  of  infusoria  live  for  a  long  time 

deprived  of  light,  there  are  other  species,  the  development  of  which 

would  appear  to  be  favored  by  its  abstraction. 

21    Does  not  temperature  effect  the  development  of  the  more 

simiie  forms  of  veg^etable  and  animal  life?- Yes,  very  much  so; 
Zmon  observationi  alone  sufficient  to  show  the  power^l  ^ 

of  temperature  upon  the  organic  world  ;  the  chill  and  Meless  aspea 

productions  to  feel  the  influence  of  temperature,  and  ^a"y  p 

Sie  approach  of  warm  and  f  .^^/^l^';,"^^^^^^       the  cold  of 

with  wonderful  celerity,  and  agam  on  the  Wjac"^' 
autumn  and  winter  as  quickly  die,  and  disappear  fo  ^^^ 

The  desmidece  and  diatomaeea^  are  more  ^^^.^f^^, f"^' '^^Humbers 
especially  the  diatomaeece,  and  these  may  be  found  in  g^eat 

al?the  year  round,  but  still  tl^S^e's'srve  g  /a  "d^^^^^^^^^  P-P- 
3eaTJ:  f  £  ttnsfthTare  n^abi^^aant  just  when  their 
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services  are  most  needed,  viz.,  when  dead  and  decomposing  vegetable  ^^^J^Jj*' 
and  animal  substances  most  abound.  _!1  * 

The  green  infusoria,  as  the  several  species  of  the  genera  euglena^ 
microglena,  and  cryptoglena,  &c.,  w^ould  appear  to  be  equally  suscep- 
tible of  temperature  with  the  confervece,  and  are  most  abundant  in  the 
spring. 

While  the  entomostracece  ax\di  infusoria  in  general  are  most  abundant 
in  the  spring  and  summer,  yet  many  species  live  in  great  numbers 
through  the  winter,  this  is  the  case  with  the  Thames  paramecium. 

The  annelidcB  are  very  hardy,  and  are  to  be  found  abundantly  in 
winter. 

22.  Have  you  tried  the  effect  of  boiling  upon  the  infusoria  and 
algisf — I  believe  that  the  vitality  of  every  kind  of  living  production 
found  in  water  in  general  is  destroyed  by  the  temperature  of  boiling 
water,  the  only  question  is  in  respect  to  the  fungi ;  this  is  a  matter, 
however,  that  might  be  readily  put  to  the  test  of  positive  experiment. 
That  the  vital  principle  is  destroyed  in  the  great  majority  of  instances 
by  boiling  is  shown  by  the  following  experiment.     Two  bottles 
of  boiled  Thames  water  were  put  aside,  and  examined  at  the  end 
of  a  week,  the  one  having  been  exposed  to  the  air,  and  the  other 
corked,  the  only  living  production  contained  in  either  was  a  minute 
species  of  infusoria,  probably  a  monad ;  and  this  was  more  abundant 
in  the  water  exposed  to  the  air  than  in  that  excluded  from  it.  A 
second  examination,  made  at  the  end  of  the  fifth  week,  did  not  disclose 
the  presence  of  any  other  organism. 

In  certain  natural  and  boiling  springs,  living  productions,  animal 
and  vegetable,  have  been  noticed,  but  these  are  of  different  kinds  to 
any  of  those  met  with  in  the  waters  usually  employed  for  domestic 
purposes. 

The  skeletons  of  the  diatomace<s,  being  of  flint,  are  not  injured  by 
boiling,  and  retain  their  forms,  even  in  boiling  nitric  acid. 

23.  Is  not  the  development  of  the  lower  forms  of  vegetable  and 
animal  life  very  much  favoured,  not  merely  by  exposure  to  air,  light, 
and  temperature,  but  also  by  a  motionless  and  stagnant  condition  of 
the  water  ?— Yes ;  very  much  so ;  the  abundance  as  well  as  the  forms 
of  vegetable  and  animal  life  which  occur  in  water  depend  greatly  upon 
Its  condition  as  to  rest  or  motion  :  thus  life  is  much  more  abundant  in 
still  than  m  running  water,  and  the  forms  are  different  in  the  two 
cases;  in  old  ponds,  on  heaths,  amongst  vegetation,  we  meet  with  the 
desmidea^rmci^oWy,  as  well  as  numerous  infusoria;  in  ponds  in 
helds  and  parks,  not  of  such  great  extent  as  to  deserve  the  name  of 
lakes,  we  notice  chiefly  confervece,  as  well  as  certain  infusoria  and  en- 
tomostrace(B ;  m  lakes  and  ornamental  waters  but  few  confervece  are 
present,  but  numerous  diatomacece,  infusoria  of  the  genera  aneurea 
orachionus,  pendtmum,  also  entomostracece  abundantly  •  the  water  of 
Slowly  running  streams  has  no  very  distinctive  character,  but  contains 
matomace^,  conferve<^,  infusoria,  and  entomostracece,  in  nearly  equal 
proportions,  while  that  of  the  more  rapid  streams  and  rivers  is  remark- 
an  maf  Ia""?^^'^^'^;-  ""^"^^^  organisms,  vegetable  or 

amrl  th^      /  ^^"t  «P«^«« ;  thus 

^fo3 J  'P^*^^^^  "^^^  ^^th  are  gladophora, 

fir^owY^a,  and /yn^-iia  sonafa,  both  of  which  have  roots. 
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)r.  Arthur  24.  What  is  the  depth  at  which  aquatic  vegetation  will  grow?— In 
Hassall.  ^.-^^^^  j^^^d  transparent  water  of  the  sea  vegetation  will  grow  at  a 

considerable  depth,  but  still  not  beyond  the  influences  of  air  and  light, 
while  in  fresh  water  but  few  species  are  to  be  found  growing  more 
than  a  very  few  feet  below  the  surface  ;  this  is  in  part  due  to  its  com- 
paratively less  transparency,  and  in  part  to  other  causes.    Almost  all 
the  marine  algce  are  furnished  with  roots,  by  means  of  which  they 
attach  themselves  to  the  rocks,  while  but  few  of  the  fresh  water  spe- 
cies  are  provided  with  any  such  organs ;  one  of  the  reasons  of  this 
difference  is  obvious,  the  constant  motion  and  agitation  of  the  waters 
of  the  sea  necessitate  the  provision  of  roots,  which  in  still,  fresh  waters 
would  be  entirely  useless.   The  second  reason  is  less  apparent ;  the  lunc- 
tion  of  respiration  is  one  of  the  greatest  importance  in  all  plants,  m- 
cludine  the  alg(e ;  in  the  sea  these  are  brought  within  the  direct  mfluence 
of  the  air  at  each  period  of  the  recession  of  the  tide,  and  hence  their 
attachment  to  rocks  at  a  considerable  depth  below  its  surface  does  not 
interfere  materially  with  the  process  of  respiration  or  aeration  ;  m  stiU 
waters  in  general  there  is  no  tide,  and  the  confervece  rooted  at  the 
bottom  of  a  pond  or  river  would  be  removed  constantly,  and  to  a  great 
extent,  from  the  action  of  air,  light,  and  heat,  and  this  is  the  second 
reason  why  the  fresh  water  confervecs  have  no  roots ;  they  float,  tbere- 
ZeXZ  in  the  waters  in  which  they  dwell,  now  at  the  bottom,  now 
on  ^he  surface,  according  to  varying  atmospheric  co"^ition«f^^"i 
when  it  is  light  and  the  sun  shines  the  process  of  respiration  is  m  lull 
rctivity  oiygen  is  evolved;  this  collects  in  bubbles,  which  become 
eSed  amongst  the  filaments  of  the  conferve.,  causing  them  a 
leng  h  to  become  lighter  than  the  water  itself,  and     occasioning  their 
ascent  to  the  surface,  where  they  remain  until  night  approaches,  or  a 
M  arked  change  in  tl  e  weather  comes  on,  when  the  gaseous  Dubbles 
-         Wng  esca'pel  into  the  air,  and  no  renewed  formation  of  tbem  oc^ 
thev  become  once  more  heavier  than  the  water  and  again  subside. 

V  wZ  would  be  the  least  depth,  according  to  your  observat  on 
or  infomation,  at  which  water  ought  to  be  f -  ^^^shS  ay 
P   in  reservoirs  of  too  large  a  capacity  to  be  roofed?—!  should  say 
not'at  a  less  dep  h  than  from^  10  to  15  feet,  and  the  -ieeper  the  better 
Te  gieat     he  depth  of  the  water  the  less  surface  in  P-P«^-  7^^^/. 

•  lrat;e  tfluXr^^out  its  purity  beir>g  ^^^^^^ 
nevertheless  the  abundance  of  vegetable  ^nd  animal  He  i  j 
reservoir  does  not  solely  depend  upon  exposuie  but  ^s  also  clo  ^  _y 
connected  with  the  condition  of  '^''^f'^J^^^^^^^ 
supplied.  If  it  be  not  contaminated  with  ^^^^^g^'  ^^^.f^^,  doubt  that 
the  sporules  and  ova  of  algce  and  znfusona,  l^^l^fj^ir  in  a  pure 
water  might  be  retained  for  a  ^^^f^^'^'^^^'l^^'^^^^^^^^  organic 
and  wholesome  condition,  almost,  if  not  quite  free  Horn        «  ^ 

matter.  .        r  ^^^^^  in  shallow  channels 

26.  What  should  be  the        ^''^irrrom  three-and-a-half  to  four 
to  prevent  such  S^'^'l'^^-f^J;^!^^^^^^^^^  that  this  speed  would 

«-ent  L'dev:fo;reM:f'  the  lower  forn,s  of  vegetable  and 
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animal  life,  but  it  would,  no  doubt,  be  sufficient,  greatly  to  lessen  their  Dr,  ArtUnr; 
numbers  and  to  modify  the  varieties.  lUssnW. 

27.  What  length  of  time,  in  your  opinion,  may  water  be  retained  in 
an  open  reservoir  without  any  material  alteration  of  its  purity  ? — That 
will  depend  very  much  upon  the  character  of  the  water  supplied  to  the 
reservoir,  and  on  the  management  and  state  of  the  reservoir  itself ;  if  the 
water  be  of  an  impure  kind,  and  contain  either  dead  or  living  organic 
matter,  or  both,  as  in  the  case  of  Thames  water,  then  it  could  be  kept 
in  the  reservoir  but  a  few  hours  without  suffering  a  further  deteriora- 
tion, and  the  period  would  be  still  shorter  if  the  condition  of  the 
reservoir  was  itself  bad,  and  if  the  organic  matter  derived  from  the 
water  were  allowed  to  go  on  accumulating  from  day  to  day,  week  to 
week,  and  even  year  to  year,  as  it  is  frequently  allowed  to  do ;  where 
such  is  the  case,  there  is  at  all  times  an  enormous  amount  of  putres- 
cent organic  matter  present,  capable  in  a  very  short  time  of  seriously 
contaniinating  the  water  by  the  effects  of  its  decomposition,  and  en- 
tirely independent  of  the  pabulum  which  it  affords  for  the  sustenance 
of  myriads  of  infusoria ;  but  if  on  the  other  hand  the  water  poured 
into  the  reservoir  was  of  any  of  the  purer  kinds,  as  rain,  spring,  well, 
or  even  the  purer  river  waters,  previously  filtered,  and  due  attention 
were  at  the  same  time  paid  to  the  state  of  the  reservoir,  then  I  believe 
that  any  of  these  waters  might  be  retained  in  it  for  many  weeks  without 
prejudice  to  its  purity. 

^  S8.  Have  you  made  any  experiments  in  order  to  elucidate  the  ques- 
tion of  the  stowage  of  water  ?— The  effects  already  detailed  of  the 
exposure  of  water  to  the  influences  of  air,  light,  and  temperature  are 
intimately  connected  with  the  stowage  and  conveyance  of  water, 
nevertheless,  I  propose  to  try  the  following  experiments,  and  to  place 
on  the  top  of  a  high  house  six  vessels,  each  capable  of  holding  two 
gallons  _of  water,  the  one  to  be  filled  with  distilled  water,  a  second 
with  rain  water,  a  third  with  water  from  a  deep  well,  a  fourth  with 
well  water  and  dead  animal  matter,  a  fifth  with  the  same  and  veo-etable 
matter,  and  the  sixth  with  the  same  kind  of  water  and  a  mixture  of 
both  vegetable  and  animal  substances  :  the  results  of  these  experiments 
require  time  for  their  development,  but  their  probable  nature  it  is  not 
difficult  m  some  respects  to  anticipate. 

29.  Have  you  observed  the  Serpentine,  or  other  ornamental  waters, 
or  canals,  so  as  to  be  able  to  state,  from  observation  of  the  vegetation, 
the  condition  of  animal  life  contained  in  them  ?  - 1  have  examined  the  " 
water  of  the  Serpentine,  of  the  large  pond  opposite  Kensington  Palace, 
and  ot  the  ornamental  water  in  St.  James's  Park. 

30.  What  was  the  condition  of  the  water  of  the  Serpentine  9— I 
observed  m  it  a  considerable  number  of  diatomacecB,  principally  of  the 
genera  surirella,  exilaria,  and  navicula;  of  infusoria  of  the  genera 
uneurea,  brachionu^,  peridinium,  euglena,  rotifera,  and  polvartJira  ■  of 

ine  genera  hydra  and  alcyoradiim.  f  ^  ^ 

the  rfl/r^'''"''      v,'  ^^^'-^  Bayswater  end,  where 

while  rr/n  rif'T^'"'  '"'^  ''^^'^^^^  ^^^-^  principally 'found. 
SosittL  hn?^[-ffi  ^''r  '^'"'T^'^        ^^^^^  was  clear  and  bright 
depositmg  but  httle  sediment,  but  yet  in  each  drop  examined  with 

D  2 
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Dr.  Arthur  the  microscope  numerous  infusoria  were  in  general  to  be  de- 
tected. 

The  first  microscopic  examination  of  the  water  of  the  Serpentine 
was  made  early  in  the  sprini;:,  and  while  the  weather  was  still  very- 
cold,  the  particulars  given  above  refer  to  its  condition  at  that  trial ; 
since  that  period,  however,  matters  have  changed  much  for  the  worse 
in  consequence  of  the  increased  temperature,  and  the  amount  of  animal 
and  vegetable  life  now  present  is  many  times  greater,  in  particular  the 
green  matter  which  attracted  so  much  attention  a  year  or  two  since  has 
again  made  its  appearance  in  vast  abundance.  In  reference  to  this 
matter  I  beg  to  introduce  the  following  particulars,  extracted,  in  part, 
from  a  communication  which  I  have  just  prepared  for  the  "  London 
Botanical  Society"  on  the  colouration  of  the  water  of  the  Serpentine.  ^ 

The  sudden  and  periodical  colouration  of  large  bodies  of  water  is 
one  calculated  to  excite  considerable  interest,  from  the  extent  of  the 
phenomenon,  as  well  as  from  the  mystery  in  which,  to  the  common 
observer,  it  is  generally  involved.  _ 

The  interest  usually  attending  this  phenomenon  from  the  circum- 
stances above  referred  to  is  enhanced  in  the  present  instance  by  certain 
important  sanitary  bearings.  ^ 

The  colouration  of  the  water  of  the  Serpentine  is  no  new  phenomenon, 
since  it  has  been  observed  now  for  several  years,  and  in  fact  has  be- 
come annual.  ,       ,  .  i  „ 

Although  many  persons  have  expressed  the  opmion  that  this  co  our- 
ation  is  occasioned  by  a  vegetable  production,  I  am  not  aware  that  any 
observer  has  yet  accurately  determined  its  nature  or  has  given  any 
description  of  the  species  which  produce  it  Dr  Tilt  has  even  given  a 
fio-ure  of  a  conferva  to  the  presence  of  which  he  consulered  that  the 
JoCration  was  due;  the  species  represented  hy  Dr  Tilt,  is,  however, 
very  different  from  that  which  really  occasions  the  phenomenon. 

The  production  which  undoubtedly  causes  the  colouration  belongs  to 
the  clas!  algee,  is  one  of  the  family  Nostochinece,  is  ihe  Anabazna  Mos 
aqul  of  Har'vev  and  myself,  the  Bolichospemum  Thon^pson^  of  Mr. 
Rolfs  and  the  Coniophytum  77t«m;>.om  of  this  communication 

1 1  tit  technical  or  scientific  description  of  Prod-t^^^^^^^^^^^ 
necessary  here  to  enter,  it  will  be  sufficient  to  notice  the  general  facts 
connected  with  its  presence  in  the  Serpentine. 

A  month  since,  on  walking  round  the  Serpentine,  I  did  not  see  a 
trace  o f  thS  alg^ ;  a  week  previous  to  first  noticing  it,  which  was  on  the 
mil  of  June  I  have  been  assured  that  not  a  vestige  ot  co"ld  be 
dfs  ovted  On  the  date  referred  to,  the  whole  of  the  -o^%\--^^l 
fhrSerpentine,  from  the  bridge  eastwards  wa^^^^^^^^^^^^ 
ceruginius  or  coppery  green  the  depth  of  increasiu 
eastern  extremity  was  approached     Aceordi^^^^  i  7  t  fourse  of 

of  the  boatmen  this  extensive  colouration  took  place 

""^orroTls  a'Jecond  visit  „.de  the  ^<^i^^:^:^:x:: 

butic,  of  .he  plant  wa.  ^uch  the  ^cSa.I 
i„creased  great),  m  ^"""'"y','"/  'X:;;,"  coloured  as  far  as  the 
r/cUdrchtrtL^rn'—^  .»  .n-ost  to  the  opposite 
side. 
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Now  this  was  not  mere  surface  colour ;  a  thickish  pellicle  of  a  vivid  Dr.  Arthnrt 
green,  broken  and  variously  streaked,  floated  indeed  upon  the  surface,  but  Hawaii.^ 
the  water  beneath  this  was  also  deeply  coloured,  so  that  a  bottle  filled  with 
it  appeared  of  a  bright  metallic  green  hue ;  dogs,  as  they  swam  in  the 
water,  splashed  up  a  jrreen  liquid ;  bathers,  as  they  emerged  from  it, 
came  up  covered  with  this  confervse:  the  effect  on  the  smaller  fish, 
principally  gudgeon,  was  remarkable ;  the  plant,  from  its  abundance 
and  minuteness  seemed  to  blind  them,  and  the  water  where  the  alo-Ee 
most  abounded  was  kept  in  a  constant  agitation  by  their  struggles,  so 
that  blinded  as  they  were,  numbers  of  them  fell  an  easy  prey  to  the 
eager  children  who  were  on  the  watch  for  them. 

In  order  to  form  as  correct  an  idea  as  possible  of  the  quantity  of  this 
plant  present  in  the  water  of  the  Serpentine,  I  took  a  boat  from  the 
boat-house  situated  near  the  centre  of  the  north  bank,  and  was  rowed 
out  into  the  middle  of  the  river;  a  basin  full  of  the  water  obtained  there, 
presented  a  decided  green  hue ;  as  the  opposite  bank  was  approached 
the  colour  entirely  disappeared,  so  that  in  walking  along  this  side  of 
the  Serpentine  not  a  trace  of  the  plant  was  to  be  seen. 

_  The  sudden  appearance  of  this  algae  is  a  remarkable  fact  in  its  • 
history;  another  curious  fact  is  its  occasional  equally  sudden  disap- 
pearance. 

In  what  way  are  these  phenomena  to  be  explained?  Is  the  sudden 
appearance  of  the  plant  in  the  first  instance  due  to  its  exceedingly  rapid 
development  and  growth,  and  its  disappearance  to  its  decay  and  disso- 
hition?  I  think  not;  the  gemination  commences,  I  believe,  beneath 
the  surface  of  the  water,  and  early  in  the  spring  ;  its  diffusion  through 
water,  and  its  ascent  to  the  surface  taking  place  at  a  later  period, 
and  being  determined  by  temperature :  on  the  first  approach  of  warmth 
the  plant  rises  and  forms  the  green  scum  or  pellicle  already  described, 
the  quantity  of  which  increases  with  the  heightened  temperature  of 
summer:  the  immediate  cause  of  the  ascent  is  the  respiration  of  the 
plant,  and  the  disengagement  of  gaseous  bubbles  which  render  it  speci- 
ncally  lighter  than  the  water. 

The  disappearance  of  the  algae,  which  is  sometimes  surprisingly  com- 
plete, js  observed  to  occur  in  rainy,  cold,  and  rough  weather,  and"is  due 
to  Its  descent  m  the  water  occasioned  by  increased  specific  gravity,  the 
result  of  inipeded  respiration,  and  the  consequent  absence  of  any  disen- 
gagement of  gas.  ^ 

As  already  noticed,  the  Coniophytum  T/iompsoni  is  not  equally  dif- 
lused  throughout  the  water  of  the  Serpentine,  but  is  limited  to  certain 
parts  ot  It,  and  these  are  subject  to  much  variation;  this  partial  and 
S  fl"'''"  IS  dependent  upon  the  sun,  the  direction  of  the 

accounts         r  'Z^'^'  extremity,  which 

sUuaUon  ^  '  '""'^  quantity  at  that 

walked  Jr.  'I'T  T'^'  \'  ^^"'^^J^al^le-  On  the  22nd  instant,  I 
ustoniL^^  tn  .  /k^'  ^^'''^'^  Serpentine,  and  was 

althS  so  °^  apparently  vanished,  and  that 

to  be  stn  the  "        ''f'^  '  ""''^  "  ^^^^ 

tL  case  thl  r'^^^^^  ^'^^  being  warm  and  sunny;  in 

accortecl  fo  nnn  '  ^i'  "^'^'^  ^^'^'^  disappearance  could  be 
accounted  for  apparently,  the  wind  at  the  time  being  north-east,  might 
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Dr.  Arthur  have  driven  the  conferva;  through  the  arches  of  tl)e  brid|re  into  tlie 
HmshU.    j^ensington  half  of  the  Serpentine,  or  else  at  high  water-mark  it  might 
have  drifted  over  the  water-fall,  below  which  I  observed  a  great  accu- 
mulation of  coiifervsc,  8ft;. 

The  appearance  and  disappearance  of  the  plant  in  question  is  espe- 
cially deserving  of  notice,  beoaufe  it  shows  that  in  order  to  form  a 
correct  opinion  as  to  the  condition  of  the  water  of  the  Serpentine,  it  is 
necessary  to  examine  it  repeatedly;  a  want  of  knowledp:e  of  this  fact 
mi"-ht  lead  the  observer  into  error,  and  he  might  conclude  from  not 
seeing  it  on  the  occasion  of  his  first  visit  that  the  accounts  given  of  Us 
state  were  much  exaggerated.  These  few  observations  complete  the 
general  description  of  the  plant,  and  of  the  phenomena  connected  with 
its  presence  in  the  Serpentine ;  we  have  now  to  consider  it  in  a  sanitary 

point  of  view.  ,     ,     ,  ,  , 

It  may  be  safely  assumed,  I  think,  as  a  general  rule,  that  the  green 
or  confervaed  algae  when  introduced  into  the  system  speedily  perish 
without  producing  any  ill  effects  upon  the  animal  economy ;  this  view 
is  based  upon  the  organization  and  requirements  of  this  class  ot  vege- 
table productions;  there  is,  therefore,  no  reason  to  suppose  that  the 
species  under  consideration,  if  introduced  by  any  accident,  as  in 
bathing,  into  the  stomach,  would  be  productive  of  directly  injurious 

consequences.  .  ■  zv.       •  ^ 

The  presence  of  this  confervte  in  such  immense  quantities  in  the  water 
of  the  Serpentine  lias,  however,  certain  indirect  bearings  upon  health  ; 
thus  many  persons  are  deterred  from  bathing  in  the  Serpentine,  and  it 
is  verv  probable  that  those  who  are  not  so  deterred  do,  in  some  cases 
suffer'ini.irv ;  thus  those  who  bathe  in  this  green  water  emerge  from  it 
covered  from  head  to  foot  with  this  plant;  now,  as  it  is  not  easy  to 
Remove  it  entirely  from  the  skin,  it  is  quite  possib  e  that  in  the  ellorts 
iHo  so  some  of  the  slender  threads  and  minute  cells  become  impacted 
n  Uie  cu  am-ous  pores  to  the  impairment  of  the  functions  of  the  skm. 

There  ?s  however,  another  view  to  be  taken  of  the  occurrence  m  such 
o-vSt  Abundance  of  this  production  more  important  than  the  preceding 
that  where  not  hurtful  itself,  it  is  yet  to  be  regarded  as  a  test  ot 
r^purJt; Und  as  an  indication  that  the  ...  3  of  the  Serpentine  are 

of?ont^^:rTs  by  no  -ans  i_^^^  /^ede^^  "hf  aUen'- 

colour  and  name  to  the  P'•e«^"^^f„^^„^'""'',dle ^  caution  to  the 
I  will  conclude  this  communication  by  adaressin    a  j  ^^ed 

observer  that  he  must  not  in  all  cases  when  he  J^^'tr  he 

of  .  vivid  green  conclude  t^aUhe  cause  is  some  spe^^  ^^^^^ 
phcHomenon  ^^/ery  frequently,  a^d  I  bd^^^^^^^^  Cryptoglma,  and 
myriads  of  infusoria  ot  the  genera  Microgiena,      ji  y 

■^Tl  What  was  the  condition  of  the  pond  near  Kensington  Palace  ?- 
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Nearly  the.  same  forms  of  vegetable  and  animal  life  occurred  in  it  as  Dr.^\rtUur 
in  the  Serpentine,  but  altogether  in  greater  numbers  ;  the  peculiarity      !fl  *  ■■' 
of  this  water  consisted  in  the  presence  of  the  Thames  Paramecium^ 
which  is  explained,  I  believe,  by  the  fact  that  the  pond  is  supplied  in 
part  with  Thames  water,  furnished  by  the  Chelsea  Company. 

32.  What  was  the  state  of  the  ornamental  water  in  St.  James's 

Park?  It  contained  but  iew  diatomacece,  nearly  the  same  forms  of 

infusoria  and  entomostracecB  as  the  Serpentine,  although  in  somewhat 
lessened  numbers. 

I  would  now  observe  that  the  condition  of  the  several  waters,  the 
results  of  the  examination  of  which  are  given  above,  closely  resembles 
that  of  the  waters  of  the  numerous  ponds  belonging  to  or  connected 
with  the  Harapstead  Water  Company,  from  which  it  appears  probable 
that  the  state  of  other  pieces  of  water  of  a  similar  origin  and  nature 
would  not  be  found  to  be  dissimilar. 

33.  As  sources  of  supply  to  which  would  you  give  the  preference, 
small  or  large  rivers  ? — To  large  ;  the  water  of  small  rivers  is  for  the 
most  part  drainage-water ;  it  is  easily  contaminated,  a  single  mill,  or 
other  source  of  impurity,  being  sufficient  to  affect  the  stream  for  its 
whole  course  ;  and,  lastly,  it  contains  the  washings  out  of  innumerable 
ditches,  and  which  generally  contain  diatomacece,  confervece^  and 
infusoria  in  the  greatest  abundance.  The  water  of  large  rivers  is  to 
be  preferred  for  the  following  reason  : — The  greater  part  of  the  water 
contained  in  the  bed  of  a  river  of  any  magnitude  must  have  pro- 
ceeded from  considerable  distances ;  now,  water  as  it  flows  along 
purifies  itself,  the  living  productions  contained  in  the  nearly  stagnant 
water  of  ditches,  and  which  is  apt  enough  for  their  development, 
transferred  to  the  bed  of  a  flowing  river,  become  for  the  most  part 
broken  up,  dead,  and  destroyed,  deposited  at  the  bottom  of  the  river  or 
dissipated  by  decomposition. 

34.  Do  you  find  great  varieties  of  vegetable  and  animal  life  in 
water  ? — I  do ;  the  number  of  distinct  species  which  occur  amounting 
to  several  hundreds. 

35.  What  purpose  do  you  suppose  the  algee  to  perform  in  fresh 
water? — That  of  purifying  and  oxygenating  the  waters  in  which  they 
are  found. 

36.  Will  you  state,  in  popular  terms,  what  you  have  found  the  vari- 
ations in  vegetable  and  animal  life  to  be  in  different  waters? — The 
purest  description  of  water  I  have  yet  examined  is  rain  water  and  that 
of  the  deeper  wells  and  springs  in  general,  in  which  I  have  found 
very  little  vegetable  or  animal  matter  in  a  living  state.  In  the  water 
of  the  shallower  wells,  in  that  of  the  Thames  high  up,  and  in  the 
smaller  rivers,  which  are  not  under  the  influence  of  the  drainao-e  of 
large  towns,  I  have  found  both  vegetable  and  animal  productions'^  the 
grmer,  however,  predominating.  But  in  the  Thames,  from  Kew 
Bridge  to  Woolwich,  animal  life  predominates  amazingly.  In  other 
water  exposed  to  similar  deteriorating  influences  I  have  found  the 
same  forms  of  infusoria  as  in  the  Thames  within  the  limits  above 
referred  to. 

37.  It  is  stated  by  Ehrenberg,  as  a  general  law,  that  where  there  is 
animal  life  in  water  visible  to  the  naked  eye,  there  is  always  a  chain 
ot  animal  life  beneath  it  down  to  invisible  existence.    Have  you  found 
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Dr.  Arthur  it  to  be  SO  ? — Yes  ;  but  I  would  remark  that  the  size  and  number  of 
-  -•  the  visible  animalculse  found  in  water  must  not  be  taken  as  a  standard 

from  which  to  compute  the  number  of  beings  beneath  them.  If  we 
find  larger  infusoria  we  are  sure  to  meet  with  smaller  ones  in  the 
same  water ;  but  we  must  not  calculate  the  number  of  these  smaller 
ones  from  the  size  of  the  larger ;  thus  the  water  taken  from  the 
Thames  near  the  bridges  contains  an  immense  number  of  micro- 
scopic infusoria,  and  but  few  animal  productions  visible  to  the  naked 
eye. 

38.  What  species  of  infusoria  represent  the  highest  degree  of 
impurity  in  water  ? — The  several  species  of  the  genera  Oxytriclia  and 
Paramecium. 

39.  What  species  is  most  abundant  in  the  Thames  from  Kew  Bridge 
to  Woolwich? — ^The  Paramecium  Chrysalis  of  Ehrenberg;  this 
occurs  in  all  seasons  of  the  year,  and  in  all  conditions  of  the  river  in 
vast  and  incalculable  numbers ;  so  much  so  that  a  quart  bottle  of 
Thames  water  obtained  in  any  condition  of  the  tide  is  sure  to  be  found 
on  examination  with  the  microscope,  to  contain  these  creatures  in 
great  quantity. 

40.  Do  you  find  that  the  infusorium  of  which  you  have  spoken 
varies  in  number  in  the  different  parts  of  the  river  between  Kew 
Bridge  and  Woolwich  ?— I  find  that  it  is  most  abundant  in  the  neigh- 
bourhood of  the  bridges.  _ 

41 .  Then  the  order  of  impurity  of  i  hames  water,  in  your  view,  would 
be  the  order  in  which  it  approaches  the  centre  of  London  Yes. 

42.  You  find  then,  in  Thames  water,  about  the  bridges,  things  deci- 
dedly connected  with  the  sewer  water,  as  vegetable  and  animal  matter 
in  a  state  of  decomposition  ?— I  do ;  about  the  bridges,  and  in  the 
neighbourhood  of  London  there  is  very  little  living  vegetable  matter 
on  which  animalculee  could  live  ;  the  only  source  of  supply  which  they 
have  is  the  organic  matter  contained  in  sewer  water,  and  which  is  to 
be  regarded  as  the  food  of  these  creatures.  Where  infusoria  abound, 
under  circumstances  not  connected  with  sewage,  vegetable  matter  m 
a  living  condition  is  certain  to  be  met  with.  A  knowledge  of  what 
constitutes  the  food  of  the  infusoria  has  practical  bearmgs  upon  the 
purity  of  water  of  no  inconsiderable  importance.  _ 

43  Then  you  regard  the  abundance  of  these  creatures  m  ihames 
water  as  a  clear  indication  of  the  presence  of  vegetable  or  animal 
matter  in  a  state  of  decomposition  ?— I  do. 

44.  May  not  their  number  then  be  taken  as  one  test  of  the  presence 
of  noxious  matter  in  the  watejr?— Yes,  certainly;  and  I  should 
consider  the  test  as  a  most  unerring  one.  .     ,    ,         ,  •    a  • 

45.  What  office  would  you  attribute  to  the  animalcules  contained  in 
impure  waters,  and  especially  in  that  of  the  Thames?-! hat  ot 
removing  in  the  least  injurious  manner  the  organic  matter  contained 
in  those  waters.    The  infusoria  are  to  be  regarded  in  fact  as  one  class 

of  nature's  scavengers.  i.  vi, 

46.  Have  you  made  any  examination  of  the  sewer-water  with 
which  the  Thames  is  so  largely  impregnated  ?-I  have  examined  the 
sewer-water  of  several  of  the  principal  sewers  of  London. 

4-7  Will  you  state  the  results  of  your  exammation I  ^oyrnAm 
sewer-water,  amongst  many  other  things,  much  decomposing  vegetable 
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matter,  portions  of  the  husks  and  the  hairs  of  the  down  of  wheat,  the  Dr.  Arthur 
cells  of  the  potato,  cabbage,  and  other  vegetables,  while  I  detected  but  Hassali. 
few  forms  of  animal  life,  those  encountered,  for  the  most  part  being  a 
kind  of  worm  or  anselid,  and  a  certain  species  of  animalcule  of  the 
genus  monas. 

48.  How  do  you  account  for  the  comparative  absence  of  animal  life 
in  the  water  of  most  sewers  ? — It  is  doubtless  to  be  attributed,  in  a 
great  measure,  to  the  large  quantity  of  sulphuretted  hydrogen  con- 
tained in  sewer-water,  and  which  is  continually  being  evolved  by  the 
decomposing  substances  included  in  it. 

49.  Have  you  any  evidence  to  show  that  sewer-water  does  contain 
sulphuretted  hydrogen  in  such  large  quantity  as  to  be  prejudicial  and 
even  fatal  to  animal  life  ? — With  a  view  of  determining  this  question, 
I  made  the  following  experiments: — 1st  Experiment.  A  given  quantity 
of  Thames  water,  known  to  contain  living  infusoria,  was  added  to  an 
equal  quantity  of  sewer-water ;  examined  a  few  minutes  afterwards 
the  animalculae  were  found  to  be  either  dead,  or  deprived  of  locomotive 
power  and  in  a  dying  state.  2nd  Experiment.  A  small  fish  placed  in 
a  wine  glass  of  sewer  water,  immediately  gave  signs  of  distress,  and 
after  struggling  violently,  floated  on  its  side,  and  would  have  perished 
in  a  few  seconds,  had  it  not  been  removed,  and  placed  in  fresh  water. 
3rd  Experiment.  A  bird  placed  in  a  glass  bell-jar,  into  which  the  gas 
evolved  by  the  sewer-water  was  allowed  to  pass,  after  struggling  a 
good  deal,  and  showing  other  symptoms  of  the  action  of  the  gas,  sud- 
denly fell  on  its  side,  and,  although  immediately  removed  into  fresh 
air,  was  found  to  be  dead.  These  experiments  were  made,  in  the  first 
instance,  with  the  sewer-water  of  the  Friar-street  sewer;  they  were 
afterwards  repeated  with  the  water  of  six  other  sewers  on  the  Mid- 
dlesex side  of  the  river,  and  with  the  same  result,  as  respects  the 
animalcule  i  and  fish,  but  not  the  bird  ;  this,  although  evidently  much 
affected  by  the  noxious  emanations  of  the  sewer-water,  yet  survived 
the  experiment. 

50.  Would  you  infer  from  these  experiments  that  sewer-water,  as 
contained  in  the  Thames  near  to  London,  is  prejudicial  to  health .? — I 
would,  most  decidedly  ;  and  regard  the  Thames  in  the  neighbourhood 
of  the  metropolis,  as  nothing  less  than  diluted  sewer-water. 

51.  You  have  just  stated  that  you  found  sewer- water  to  contain 
much  vegetable  matter,  and  but  few  forms  of  animal  life;  the  vege- 
table matter  you  recognised,  I  presume,  by  the  character  of  the  cells 
composing  the  several  vegetable  tissues  ?— Yes  ;  as  also  by  the  action 
of  iodine  on  the  starch  of  the  vegetable  matter. 

52.  In  what  way  do  you  suppose  these  various  vegetable  cells,  the 
husks  of  wheat,  &c.,  reach  the  sewers  ?— They  doubtless  proceed  from 
the  foccal  matter  contained  in  sewage,  and  not  in  general  from  the 
ordinary  refuse  of  the  kitchen,  which  usually  finds  its  way  into  the 
dust-bin. 

53.  Sewer-water,  then,  although  containing  but  few  forms  of  animal 
"If,  yet  contains,  in  large  quantities,  the  food  upon  which  most 
animalcules  feed  ?— Yes ;  and  it  is  this  circumstance  which  explains 
the  vast  abundance  of  infusorial  life  in  the  water  of  the  Thames 
withni  a  few  miles  of  London. 

54.  Did  you  notice  any  other  matters  in  sewer-water  besides  those 
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i)r.  AriiuiT  which  you  have  already  mentioned  ? — I  did ;  a  black  carbonaceous- 
HaMaii. ,  looking  matter,  upon  which  the  inky  colour  of  sewer-water  depends, 
and  portions  of  an  ochreous  substance,  having  much  resemblance  to 
muscular  fibre. 

55.  Do  you  know  the  nature  of  this  black  matter? — The  abundance 
of  this  black  substance  in  the  worst  examples  of  sewer-water  strongly 
excited  my  attention  ;  \  have,  however,  formed  no  very  exact  conclu- 
sions respecting  it,  but  1  cannot  help  entertaining  the  suspicion  that  it 
is  really  carbonaceous,  the  carbon  of  the  organic  matters  contained  in 
sewer-water  being  precipitated  by  certain  spontaneous  chemical 
changes.  A  similar  inky  substance  may  frequently  be  stirred  up  from 
the  bottom  of  old  ponds  containing  organic  matter. 

56.  Were  you  able  to  ascertain  the  nature  of  the  ochreous  matter 
contained  in  sewer-water? — This  at  first  puzzled  me  a  good  deal ;  I 
have,  however,  I  believe,  succeeded  in  determining  its  nature  in  a 

.   satisfactory  manner.    I  have  already  remarked  upon  its  resemblance 
to  muscular  fibre,  this  as  well  as  the  absence  of  any  marked  results 
from  chemical  re-agents,  have  satisfied  me  of  its  organic  nature,  and 
the  non  effect  of  concentrated  sulphuric  acid  proved  to  me  that  it 
.   must  be  an  animal  substance.    This  suggested  the  idea  of  submitting 
human  foecal  matter  to  a  microscopic  examination,  and  in  this  I 
immediately  detected  the  yellow  matter  in  question  in  abundance,  and 
in  a  more  perfect  state  than  it  is  usually  met  with  in  sewer-water. 
It  is  to  it  that  the  foeces  mainly  owe  their  colour.    I  conclude,  then, 
from  these  several  observations,  that  this  yellow  matter  is  really 
altered  muscular  fibre  tinged  witli  bile,  the  presence  of  which  m  it  15 
shown  by  the  action  of  nitric  acid,  which  causes  it  to  give  out  the  pmk 
tint  characteristic  of  that  fluid.    I  detected,  moreover,  in  foecal  matter 
fragments  of  the  husks  and  hairs  of  the  down  of  wheat;  these  last  bear 
some  resemblance  to  animal  hairs,  but  are  much  smaller.  _ 

57.  Did  you  find  sewer-water  to  contain  much  animal  matter  m  a 
state  of  solution  ?— I  did,  a  great  deal.  i      •   ,  n 

58  Did  it  occur  to  you  to  submit  sewer-water  to  a  chemical  as  well 
as  a  microscopic  examination  ?-lt  did  ;  I  detected  in  sewer-water  the 
colouring  matters  of  the  urine  and  of  the  foeces,  evidences  of  the 
presence^f  urea,  (an  effete  animal  substance,)  much  sulphuretted 
hydrogen,  and  several  salts  in  large  quantities,  as  chlorides,  sulphates 
Sosnhates  and  carbonate  of  ammonia.  The  chlorides,  sulphates,  and 
?iosKwere  in  part,  no  doubt,  derived  from  the  -ne  " 
carbonate  oi  ammonia,  in  part  from  the  decomposition  o  the  ur  a  of 
the  urine.  On  evaporating  drops  of  sewer-water  on  ^^'V^  f  f 
was  curious  and  interesting  to  observe  the  o<^;7^«"^^  l\ 
crystals  common  in  the  urine  when  thus  treated.  J^e  addition  of 
nifrate  of  silver  to  sewer-water  produces  a  ^^"^^J^f  ^J^f  ^^1 
soluble  organic  matter,  the  sulphuretted  hydrogen  ^j;^^ 
the  phosphates  are  all  thrown  down,  a  fluid  ^^'^^^^  ^^^^^^ 

water  alone  remains,  containing  principally  the  sulphates  and  tuc 

'trnre  ^Tdtcted  in  Thames  water  the  various  matters  which 
\       \c>Jv\\.^A  as  nresent  in  sewer-water?—!  have,  repeatedly; 
P  X  ;X':itr^dPu.ar  fibre,  the  potato  and  other  vegetable 
cells,  and  the  husks  and  hair  of  the  down  of  wheat. 
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60.  Have  you  made  any  examination  of  the  water  of  those  com- 
panics  which  take  their  supply  from  the  Thames  ? — I  have.  —  ' 

61.  And  can  you  detect  contamination  by  sewage  in  them? — I  can, 
distinctly. 

62.  In  what  condition  did  you  find  the  waters  of  those  Companies 
which  take  their  supply  from  the  Thames  ? — Very  bad  indeed  ;  some 
of  them  as  bad  as  it  was  possible  to  conceive  any  waters  used  as  a  beve- 
rage could  be  ;  they  abounding  not  merely  with  dead  organic  matter, 
but  also  with  living  animal  and  vegetable  productions,  entomostracetB, 
infiisoria^annelidce,  confervecs^  desmidece,  diatomacecE,  fungi,  Sfc. 

63.  You  did  not,  I  presume,  find  the  waters  of  all  the  Thames  Com- 
panies equally  bad  and  abounding  to  the  same  extent  with  animal  and 
vegetable  life  ? — No  ;  for  although  the  waters  of  all  the  Thames  Com- 
panies were  in  a  very  impure  state,  yet  marked  differences  were 
observable  in  the  degree  of  impurity  and  in  the  characters  of  most  of 
them.  Thus  the  waters  of  those  Companies  which  supply  the  Surrey 
side  of  the  metropolis,  as  the  Lambeth,  Southwark,  and  Vauxhall,  are 
in  a  far  worse  condition  than  those  of  any  of  the  remaining  Companies  ; 
the  water  of  the  Chelsea  and  West  Middlesex  Companies  holds  an 
intermediate  position,  although  still  very  impure,  while  that  of  the 
Grand  Junction  Company,  bad  as  it  is,  is  yet  the  best  of  all  the 
Thames  "Water  Companies. 

64.  What  were  the  characteristics  of  the  water  of  the  Lambeth  ^ 
Company? — The  number  of  living  productions  contained  in  the  water 
of  this  Company  was  very  great  indeed ;  but  it  was  principally 
remarkable  for  the  vast  number  of  the  I'hames  paramecium  present 
in  it,  a  circumstance  explained  in  part  by  the  fact  that  this  Company 
takes  its  water  from  the  river  where  those  animalcules  are  very 
abundant,  and  in  part,  I  believe,  by  the  further  fact,  that  it  does  not 
adopt  any  method  of  filtration,  but  delivers  the  water  to  the  public  in 
nearly  the  same  state  in  which  it  is  procured  from  the  river. 

65.  What  was  the*  condition  of  the  water  of  the  Southwark  and 
Vauxhall  Company  ? — Equally  bad,  if  not  even  still  worse  than  the 
former;  the  living  contents  were  not  less  abundant,  although  somewhat 
different  in  kind :  thus  while  there  were  a  great  many  Thames  jj»ara»zecm, 
there  were  also  a  considerable  number  of  actinophrides  and  annelidce^ 
clothed  with  spine-like  hairs  ;  the  former  being  most  abundant  in  the 
water  supplied  to  the  district  of  Southwark,  and  the  latter  in  that  fur- 
nished to  the  inhabitants  of  Vauxhall.  It  is  to  be  remarked  that  the 
actinophrydes  occur  likewise  in  the  water  of  the  Lambeth  and  Chelsea 
Companies,  as  well  as  in  that  supplied  to  Vauxhall,  but  not  in  the 
same  numbers. 

66.  How  do  you  account  for  the  water  furnished  by  the  same  Com- 
pany thus  differing  in  its  living  productions  ? — Although  now  united 
into  a  single  Company,  at  one  time  the  Southwark  and  Vauxhall 
formed  two  distinct  Companies ;  and  in  this  circumstance  we  probably 
find  the  explanation  of  the  differences  indicated  by  the  microscope. 
The  fact  of  their  having  been  once  distinct  implies  the  possession  of 
separate  works  and  reservoirs,  and  probably  a  different  system  of 
management.  I  would  here  observe  that  the  many  forms  of  infusorial 
life^  encountered  in  the  waters  of  the  Metropolitan  Companies  which 
denve  their  supplies  from  the  Thames,  although  the  paramecium^  so 
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I'l'j^rthur  often  referred  to,  is  the  most  abundant  and  characteristic  form,  are  yet 
■    all  derived  from  Thames  water. 

67.  You  have  stated  that  you  detected  matters  connected  with 
sewage  in  some  of  the  Thames  Companies,  what  was  the  nature  of 
these  matters,  and  in  which  of  the  Companies'  waters  did  you  detect 
them? — I  have  detected  on  several  occasions,  in  the  waters  of  the 
Lambeth  and  Southwark  and  Vauxhall  Companies,  matters  connected 
with  sewage,  as  the  fragments  of  muscular  fibre  tinged  with  bile, 
black  carbonaceous  matter,  and  portions  of  the  husks  and  hairs  of  the 
down  of  wheat,  cells  of  potato,  granules  of  starch,  &c. 

68.  What  was  the  state  of  the  water  of  the  Chelsea  Company  ? — 
Better  than  that  of  any  of  the  preceding  Companies.  The  same  forms 
of  infusorial  life  were,  however,  present  in  it,  but  in  greatly  reduced 
numbers,  a  circumstance  explained  by  the  fact  that  this  Company 
adopts  a  more  efficient  process  of  filtration,  but  one  still  not  entirely 
or  sufficiently  effective,  since  living  productions,  and  especially 
bunches  of  brown  ova  cases,  are  present  in  it  after  filtration. 

69.  And  the  West  Middlesex  Company,  how  have  you  found  its 
water,  as  delivered  to  the  houses? — Less  free  from  living  organic 
matter  even  than  that  of  the  Chelsea  Company ;  it  contains,  amongst 
other  productions,  numerous  Thames  paramecia. 

70.  And  the  water  of  the  Grand  Junction  Company? — Notwith- 
standing that  this  Company  filters  its  water,  I  have  yet  found  it  to 
contain  a  considerable  number  of  living  animal  and  vegetable  pro- 
ductions, but  not  in  general  the  Thames  paramecium,  which  is 
accounted  for  by  the  fact  that  this  Company  takes  its  supply  from  just 
above  the  usual  limit  of  the  distribution  of  this  animalcule  ;  the  water 
of  this  Company,  therefore,  loses  one  of  the  chief  characteristics  of 
excessive  contamination  by  sewage,  and  approaches  more  nearly  in  its 
condition  that  of  rivers  in  general. 

71.  What  have  you  found  to  be  the  state  of  the  waters  of  those 
Companies  which  have  a  source  of  supply  different  from  the  Thames  ? 

 Very  bad,  but  still  their  condition  has  been  much  better  than  that 

of  all  the  Thames  Companies,  with  the  exception  of  the  Grand 
Junction. 

72.  What  was  the  condition  of  the  water  of  the  New  Kiver  Com- 
pany?— I  found  in  it  a  few  entomostracece  and  infusoria,  but  a  great 
many  diatomacecB. 

73.  How  do  you  account  for  the  abundance  of  diatomacece  present 
in  this  water? — In  all  slowly  running  rivers  the  diatomacea  are  very 
abundant;  now  New  River  water  is  not  as  is  generally  supposed 
spring  water,  but  is  composed  in  great  part  of  water  derived  from  the 
river  Lea,  and  is  conveyed  to  London  at  a  very  slow  rate  by  means  of 
a  long  and  open  canal,  a  circumstance  which  is  therefore  highly 
favourable  to  the  development  of  the  diatomacecB  especially,  as  well  as 
other  forms  of  microscopic  life. 

74.  What  was  the  state  of  the  water  of  the  East  London  Company 
—It  presented  many  of  the  characters  of  New  River  water,  but  also 
a  greater  number  of  infusoria,  which  is  probably  to  be  explamed  by 
the  circumstance  that  the  Lea  is  exposed  to  some  extent  to  contamma- 

tion  by  sewage.  n    rr.,       *  „f 

75.  As  to  the  water  of  the  Hampstead  Company?— The  water  oi 


Sources  of  Organic  Life  in  IVater.  45 

this  Company  abounds  with  entoviostracete  and  infusoria  of  the  genera  Dr.  AHhnt 
aneitrea,  brachionus,  and  peridinium,  the  species  being  similar  to  those  Nassau, 
contained  in  the  large  ponds  from  which  this  Company  draws  its 
supplies.    There  can,  consequently,  be  no  doubt  whatever  as  to  the 
source  of  the  animalcules  contained  in  the  water  of  the  Harapstead 
Company  as  supplied  to  the  public. 

76.  And  the  Kent  Company  ? — The  water  of  this  Company  contains 
a  considerable  number  of  infusoria  and  diatomacece,  and  presents  an 
average  example  of  the  waters  of  small  rivers,  such  as  are  not  pro- 
tected from  the  public,  the  banks  of  which  are  not  kept  free  from 
weeds,  and  into  which  are  poured  the  contents  of  dykes  and  ditches,  &c. 

77.  Are  these  several  results  founded  upon  repeated  examination? 
— ^Yes ;  upon  repeated  examination.  I  have  made  several  hundred 
microscopic  examinations  of  water,  of  the  principal  results  of  which  I 
have  in  general  preserved  notes.  The  water  of  the  several  Companies 
submitted  to  examination  was  obtained  from  the  service  pipes  of 
different  cisterns ;  it  was  therefore  in  the  precise  condition  in  which  it 
was  supplied  to  the  public.  It  is  to  be  remarked,  that  the  above 
details  and  descriptions  refer  to  the  condition  of  the  water  during  the 
winter  and  early  spring  months ;  in  the  warm  weather  of  summer  the 
state  of  the  water  would,  no  doubt,  be  much  worse,  the  lower  forms  of 
animal  and  vegetable  life  would  be  more  abundant,  and  the  kinds  in 
many  cases  different. 

78.  "Will  you  state  the  determinhig  causes,  whether  ingredients  in 
the  waters,  or  nature  of  the  aqueducts,  reservoirs,  &c.,  or  other'  cir- 
cumstances on  which  the  development  of  the  different  classes  of 
animalcular  and  vegetable  productions,  in  your  opinion,  depends  ? — 
The  circumstances  specified  in  the  question,  as  well  as  some  others 
not  mentioned,  all  influence  and  determine,  not  merely  the  kind  but 
also  the  quantity  of  animalcular  and  vegetable  life  present  in  the  waters 
of  the  several  London  Companies.  Thus  "  ingredients  in  the  waters," 
as  the  various  organic  matters  connected  with  the  sewage  contained 
in  the  Thames,  determine  the  presence  in  Thames  water  of  certain 
forms  of  infusorial  life  and  the  abundance  of  other  forms,  as  the 
paramecia,  vorticellcB,  actinophrydes,  oxytriccB,  uvelles,  ^c.  The 
same  ingredients  determine  also,  it  is  most  probable,  the  presence  of 
the  annehdcB  in  large  numbers  as  Thames  water,  as  also  undoubtedly 
the  fungi,  which  generally  abound  wherever  organic  matter  is 
abundant.  The  comparative  absence  of  vegetable  life,  especially  of 
the  coloured  and  green  species,  in  Thames  water  near  to  London,  is 
remarkable,  and  is  accounted  for  probably  partly  by  reference  to  the 
deleterious  quality  of  the  water,  but  is  the  result  principally  of  the 
incessantly  agitated  condition  of  the  river,  occasioned  by  the  numerous 
steamers  which  are  constantly  moving  up  and  down  on  its  surface. 
ftrV^l^'i  T^f  the  Thames,  so  must,  to  a  greater  or  less 
extent,  be  that  of  the  water  of  those  Companies  which  derive  their 

rp?llv  '  ^''^  '  ^''^^^  ^^"-^^dy  seen  that  this  is 

really  the  case  and  that  the  water  of  all  of  these  Companies  differs 

SIL  f  "^^^^"^  according  to  the  particular  part  of  the 

ces  s  oT7'f  ?  -t-t  «f  the  pro- 

t«W^y^  ^^^^'^  adopted;  thus  the  water  of  the  Lambeth  Com- 
pany, taken  from  the  part  of  the  river  where  the  Thames  paramecium 
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Dr.  Arthut  is  Very  abundant,  and  no  process  of  filtration  being  adopted,  differs 
HHasuii,    1^^^  in  any  respect  from  Thames  water  near  to  Lambeth,  and 

swarms  like  it  with  paramecia.  The  water  of  the  Chelsea  Company, 
inasmuch  as  it  is  filtered,  is  freed  to  some  extent  of  its  impurities ; 
but  yet  a  microscopic  examination  renders  sufficiently  manifest  the 
nature  of  its  source,  and  in  it  we  likewise  discover  the  particular 
species  of  animalculse  so  characteristic  of  Thames  water.  In  the  water 
of  the  "West  Middlesex  Company,  again,  we  meet  with  numbers  of 
the  Thames  paramecium,  as  well  as  other  infusoria,  but  not  nearly 
in  the  same  proportion  as  in  the  Lambeth  or  Southwark  and  Vauxhall 
Companies,  because  these  do  not  exist  in  the  part  of  the  river  from 
which  it  draws  its  water  in  nearly  the  same  quantities  as  at  Lambeth. 
Again,  in  the  water  of  the  Grand  Junction  Company  the  paramecium 
is  almost  lost. 

Other  differences  in  the  kind  and  quantity  of  animalcular  life  depend 
not  merely  upon  temporary  storeage  in  reservoirs,  but  also  upon  the 
condition  of  these  as  to  cleanliness  ;  if  they  contain  much  mud  or 
sediment,  and  accumulation  of  organic  matter,  then  we  may  look  for 
the  presence,  in  abundance,  of  minute  annelidce  or  worms,  and  it  is 
probable  that  this  is  really  the  explanation  of  the  great  numbers  of 
these  creatures  present  in  the  water  supplied  to  the  Vauxhall  district. 

Then  again  we  have  seen  that  all  small  rivers,  canals,  and  aqueducts 
abound  with  diatomacecc,  and  hence  it  is  that  we  find  so  many  of 
these  productions  in  the  water  of  the  New  River,  East  London,  and 
Kent  Companies,  especially  the  first. 

It  has  been  shown,  also,  that  large  pieces  of  water  are  favourable  to 
the  development  of  the  entomostracece,  and  certain  of  the  larger  infu- 
soria, owing,  probably,  to  the  absence  of  any  decided  stream  or 
current  in  them,  the  waters  being,  in  general,  still  and  tranquil;  and 
herein  is  the  reason  of  the  abundance  of  these  animalculae  m  the  water 
furnished  by  the  Hampstead  Company.  ^ 

The  above  are  some  of  the  principal  circumstances  favouring  the 
development  of  different  kinds  and  quantities  of  animal  and  vegetable 
iiroductions  in  different  waters ;  others  are  met  with  m  the  degree  of 
exposure  of  the  water,  and  the  length  of  time  it  has  been  retamed  in 
the  reservoir  ;  these  two  circumstances  operating  in  combmation  would 
determine,  not  merely  an  increase  in  amount  of  the  hying  contents  of 
the  water,  but  would,  probably,  cause  certain  species  to  obtam  a 

predominance.  .         -   .  ,  *.    o    t  i,„„o 

79   Have  you  made  any  examinations  of  cistern  water  ?—I  have, 
many.     A  cistern  is  a  small  reservoir,  and  has  all  the  faults  pf 
reservoirs;  the  water  contained  in  it  is  generally  exposed  to  light,  air 
and  the  sun,  and  the  dead  and  living  organic  matter,  as 
the  reservoirs,  too  often  goes  on  ^ccumulatmg  from  day  to  day 
the  former  seriously  contaminatmg,  by  decomposition   the  purity  ot 
its  water:  the  living  organic  productions  present  in  the  water  of  cis- 
terns resemble  those  of  the  water  of  the  company  by  which  it  is 
supplied;  certain  forms,  however,  become  develoi^ed  in  the  water 
of  clterns  with  great  rapidity,  as  the  entomostracc^,  especially  cyclops, 
auadricornis,  lynceus  lonrjiroslris,  daphma  quadrangula,  znjusoria, 
ZifJrZ,         diatomace^ ;  the  entomostracccc^^d  son.e  of  the 
TrftZria    swim  freely  about  in  the  water,  while  the  confervcce 
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and  diatomacecB  either  adhere  to  the  sides,  or  else  fall  to  the  bottom  Dr.  Arthur 
of  tlie  cistern,  together  with  the  grit  and  dead  organic  matter,  HmmiII. 
forming  an  ever  increasing  mass,  which  is  stirred  up  on  each  renewal 
of  the  water  only  to  subside  in  still  greater  quantity,  until  after  the 
lapse  of  weeks,  months,  or  even  years,  some  fortunate  accident,  or 
frequently  the  offensive  and  putrid  state  of  the  water  causes  the  cis- 
tern to  be  cleaned,  and  a  removal  of  the  putrescent  and  noxious  matter. 
On  making  inquiries  as  to  the  frequency  with  which  cisterns  are 
cleansed,  I  was  astonished  to  find  how  generally  they  are  neglected; 
a  neglect  which  is  to  be  explained  partly  by  ignorance  of  the 
necessity  which  exists  for  repeated  and  careful  cleansing,  and  partly 
by  the  inconvenient  and  absurd  position  in  which  cisterns  are  very 
generally  placed,  mounted  high  up,  frequently  just  over  the  privy  or 
closet,  and  often  requiring  ladders  to  reach  them  ;  but  the  evils  of 
cisterns  are  not  merely  aggravated  by  neglect  and  bad  management, 
there  are  faults  of  construction  connected  with  them  ;  thus  the  bottom 
is  usually  level,  and  the  tap  inserted  about  two  inches  above  this 
level,  leaving  a  space  for  the  continued  accumulation  of  grit  and  dead 
and  living  organic  matter ;  this  evil  might  be  obviated  by  having  the 
cistern  of  a  rounded  form  at  the  bottom,  the  discharge  pipe  issuing  from 
the  centre.  Lastly,  the  material  of  cisterns  is  bad ;  they  should  be 
made  of  glass,  earthenware,  or  marble. 

80.  You  have  already  given  the  results  of  your  examination  of  New 
River  water  as  delivered  to  the  houses,  but  what  difference  did  you 
find  in  the  water  from  one  end  of  the  river  to  the  other  ? — The  water 
in  the  little  stream  or  ditch  which  flows  into  the  New  lliver  Head, 
and  which  assists  in  supplying  it,  is  in  a  very  bad  condition,  and 
abounds  in  infusoria  and  algcB,  especially  species  of  the  genus  rotifer 
and  the  diatomacece.  The  state  of  the  water  in  the  head  itself,  inas- 
much as  it  receives  all  the  water  from  the  feeding  ditch,  cannot  be 
much  more  satisfactory ;  the  margins  of  the  pool  or  basin  forming  the 
head  are  covered  with  alga,  rising  up  into  the  water  like  clouds,  and 
affording  a  nidus  for  the  shelter,  growth,  and  development  of  the 
entomostracecE,  infusoria,  &c.  The  canal  or  river  itself  is  at  the 
present  time*  in  a  much  better  state  than  I  have  ever  seen  it  before, 
but  the  quantity  of  oscillatorece  and  diatomacecB  which  float  on  its 
tranquil  surface  during  the  warm  weather  of  summer  is  immense,  and 
must  seriously  affect  the  condition  of  the  water.  At  Cheshunt  the 
New  River  Company  has  a  well  worked  by  a  steam-engine,  and  two 
reservoirs;  the  one  of  these  reservoirs  at  least  contains  something 
more  than  pump-water,  it  being  fed  by  a  small  stream,  nearly  dry  in 
summer,  but  which  in  rainy  weather  contributes  as  well  as.  the  pump 
a  fail-  supply  of  water.  Well,  the  state  of  the  water  in  these  reservoirs 
at  present  is  not  very  bad,  but  few  entomostracece  and  infusoria  being 
yet  contained  in  it;  this  is  accounted  for  by  the  fact  that  these  reser- 
voirs have  very  recently  been  cleaned  out,  and  certainly  the  operation 
was  much  wanted,  as  I  was  given  to  understand  that  it  had  not  been 
once  performed  before  since  the  reservoirs  were  made,  neai-ly  twelve 
years  since.  The  cleaning  out  of  these  reservoirs  occupied  nine 
weeks,  employed  thirty  horses,  and  not  a  few  labourers ;  the  matter 
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48  Water  of  the  River  Lea  and  the  Wandle. 

Dr.  Arthur  removed  consisted  of  a  black  muddy  substance  of  an  offensive  smell, 
Hasiiaii.  similar  in  nature  to  tbat  contained  at  the  bottom  of  old  ponds,  and 
also  to  that  which  has  recently  been  taken  out  of  the  Serpentine ;  this 
black  mud  contains  much  organic  matter,  of  which  fact  those  who 
removed  it  seem  fully  aware,  as  it  has  been  spread  over  a  field  near  to 
the  reservoirs,  and  to  the  fertility  of  which  it  will  no  doubt  greatly 
contribute.  Some  years  ago  the  waters  of  the  Cheshunt  reservoirs 
were  in  a  less  pure  state  than  at  present,  and  were  a  frequent  resort  of 
mine,  for  on  turning  to  my  "  History  of  the  British  Fresh-water  Algae," 
I  find  them  given  as  the  habitats  of  several  species.  Just  below  the 
head,  the  stream  of  the  New  River  is  joined  by  a  second  stream,  appa- 
rently larger  and  more  considerable,  which  comes  from  the  River  Lea. 
New  River  water  is  therefore  a  mixture  of  ditch,  spring,  river,  well, 
and  possibly  in  some  cases  of  Thames  water,  as  the  New  River  Com- 
pany has  a  communication  with  the  prolific  source  of  London  water 
supply,  the  Thames,  at  Broken  Wharf,  Upper  Thames-street. 

81.  Does  the  number  of  living  productions  in  New  River  water 
equal'  those  you  found  in  the  Thames,  with  the  exception  of  those 
which  you  think  are  connected  with  sewage  ? — 1  should  say  that  it 
contains  as  many  living  productions  as  Thames  water  does,  taken  above 

Richmond.  <.  ,    t     ^    t      •    t  j 

82.  What  was  the  condition  of  the  water  of  tne  Lea  ?— 1  am  mcUned 
to  think  that  the  water  of  the  Lea  contains  a  larger  number  of  infu- 
soria than  that  of  the  New  River.  I  examined  its  state  more  particu- 
larly in  the  canal  of  the  East  London  Water  Company,  and  found  a 
very  great  many  diatomacecB  and  infusoria,  principally  of  the  genera 
exilaria,  diatoma,  asterionella,  coleps,  oxytrica,  hursaria,  and  amphi- 
liptus.  Now  it  is  from  this  canal  that  the  East  London  Water  Company 
professes  to  derive  all  the  water  which  it  requires,  and  yet  it  has  a 
Communication  with  the  Lea,  below  Lea  Bridge,  at  Old  Ford,  near  to 
Stratford,  and  within  the  influence  of  the  tide  of  the  Thames,  the  water  of 
which  is  still  further  contaminated  by  the  n)any  impurities  of  Blackwall 
Creek.  I  may  here  be  permitted  to  state  that  further  particulars  in 
reference  to  the  source,  &c.,  of  the  River  Lea  among  other  facts 
connected  with  the  subject  of  water  in  genera  ,  will  be  found  m_a 
little  work  which  I  have  recently  published,  entitled  «  A  Macroscopic 
Examination  of  the  Water  supplied  to  the  Inhabitants  of  London. 
Illustrated  by  coloured  plates."*  w„^^io9  Tli*. 

83.  What  are  the  indications  as  to  the  waters  of  the  Wandle  ?-The 
river  Wandle  has  a  double  origin;  the  one  in  a  large  PO"^ 

the  town  of  Croydon,  the  other  in  springs  at  Waddon,  near  to  Croydon. 
The  water  of  the  inner,  or  first  sprmg  is  T^™^^^^,^  ^  ^^^^^^^"^g 
living  organic  matters;  that  of  the  second  «P""?  ^^^^^^^.^^^is  1^ 
specii  of  the  lower  forms  of  vegetable  animal  life  and ^^^^^^^ 
accounted  for  by  the  weedy  and  uncleaned  condition  of  the  borders  of 
the  snrine  or  pond,  while  that  of  the  third  sprmg  is  still  more  con- 
aminrd'witl'veg^table  and  animal  life,  it  -t  n^rely  be-g^^^^^^ 
state,,but  rec^vinga  small  stream,  whjch  ca-^^^^^^ 

ggggg^^  town,  the  refuse  of  gas 

•  Highley,  32,  Fleet-street. 
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works,  a  tan  yard,  and,  I  believe,  also  of  a  knacker's  yard;  its  water  Dr. Arthur 
teems  with  algse  and  infusoria  of  the  most  impure  kinds.  Hassaii, 

84.  In  what  state  was  the  water  at  Beddington,  below  Croydon  ? — It 
was  found  to  contain  many  of  the  same  forms  of  animal  and  vegetable 
life  noticed  in  the  pond  at  Croydon,  and  the  same  productions  could  be 
traced,  by  means  of  the  microscope,  at  various  points  lower  down  the 
stream,  even  to  Wandsworth,  where  it  joins  the  Thames. 

85.  Have  you  tried  the  deep  wells  of  London  ? — I  have ;  the  waters 
of  the  deeper  wells  are,  in  genei-al,  very  free  from  living  organic 
matter. 

86.  Have  you  made  any  investigations  on  the  subject  of  the  aeration 
of  water  ? — 1  have. 

87.  To  what  is  the  presence  of  aeriform  substances  in  water  attri- 
butable ? — To  a  remarkable  power  possessed  by  water  to  absorb  and 
condense  many  of  the  gases  in  contact  with  or  near  to  it,  and  which 
power  is  so  great  as  to  enable  it  to  take  up  many  times  its  own  volume 
of  certain  gases. 

88.  What  are  the  circumstances  which  regulate  and  determine  the 
actual  amount  of  the  gases  present  in  water? — The  degree  to  which 
the  air  is  charged  with  these  gases,  and  the  temperature  of  the  water  ; 
the  gases  usually  present  in  the  air  are  ammoniacal  gas,  nitrogen,  car- 
bonic acid,  and  oxygen ;  the  greater  the  quantity  of  these  in  the  air, 
and  the  lower  the  temperature,  the  larger  will  be  the  quantity  of  gases 
absorbed.  It  is  to  be  observed,  however,  that  certain  gases  are  some- 
times present  in  water,  as  the  sulphuretted,  carburetted,  and  phosphur- 
etted  hydrogen  gases,  and  which  are  not  derived,  in  general,  from  the 
air,  but  from  decomposing  substances  contained  in  the  water. 

89.  Can  you  refer  to  any  simple  experiment  proving  the  absorption 
by  water  of  aeriform  substances If  water  deprived  of  all  gases,  as 
distilled  water,  be  exposed  to  the  air,  and  tested  after  the  lapse  of  a 
day  or  two,  it  will  be  found  to  have  taken  up  an  appreciable  quantity 
of  carbonic  acid  and  oxygen ;  the  same  will  happen  if  water  be  placed 
under  a  bell-jar,  in  contact  with  sulphuretted  hydrogen ;  breathing 
through  water  IS  also  sufficient  to  saturate  it  with  carbonic  acid. 

^  i  5  AT^  .  ^"^OMVit  of  oxygen  contained  in  the  atmosphere  vary 
much?-Not  so  much  as  might  be  supposed;  that  is  to  say,  the  air  of 
a  large  town  has  been  found  to  contain  nearly  as  much  oxygen  as  that 

In/S!"  T""^'^  '  effects  on  health  of  the  ah-  of  cities 

IS  due,  therefore,  not  so  much  to  the  deficiency  of  oxvgen  as  to  ad- 
mixture with  many  deleterious  contaminations ;  this  nearly  uniform 
composition  of  the  atmosphere  in  town  and  country  is  the  result^ 
the  operation  of  the  law  of  the  diffusion  of  gases,  a  law  by  w l  icl 
hundreclsof  lives  are  probably  daily  saved ;  in  confined  spaceVw 
freeClu  "T"'  T''''  ^'^'^'^^^'^^  ^^^ere  the  law  could  not' come 

1—  -^1^  greatly 

opinb,7t.'^"'^*'*^  °^  P''^""^  therefore,  in  your 

S     at  lr^Jfl      ^"^^S''''  variation  ?-NoI  at  egual  lemZZ 
Qo  '  ^^"t   V^^^  the  variation  is  very  great.  ^ 

cumslanVea^XSt  ?o  tV^TJ^'"  "^'^^ 

present-  as  fo   fn^nl      °^/=asion  differences  in  the  quantity  of  gases 

P  ^ent,  as,  foi  instance,  when  it  is  exposed  to  the  suJi  or  the  warmth 
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Vt.  Arthur  of  a  room  ? — Decidedly  so,  the  warmth  of  the  sun's  rays,  or  of  a  close 
Hassali.    j-Qom,  are  quite  sufficient  to  occasion  the  expulsion  of  the  greater  part 
of  the  oxygen  and  carbonic  acid  present ;  and  by  boiling,  the  whole  of 
these  and  other  gases  may  be  driven  off. 

93.  The  exposure  then  of  water  used  for  domestic  purposes  to  a 
high  temperature  is  prejudicial  to  its  salubrity  ? — Yes,  unquestionably ; 
the  oxygen  and  carbonic  acid  is  thrown  off,  and  hence  the  flatness  and 
insipidity  of  the  water :  the  oxygen  expelled  from  water  by  the  heat 
of  the  sun  is,  however,  re-absorbed  during  the  night,  when  the 
temperature  is  low. 

94.  Does  the  quantity  of  carbonic  acid  present  in  most  water  vary 

much  ?  Yes,  a  good  deal ;  I  have  instituted  a  variety  of  experiments, 

intended  to  prove  the  absorption  by  water  under  more  or  less  common 
circumstances  of  carbonic  and  in  different  proportions.  These  experi- 
ments are,  however,  not  yet  completed. 

95.  You  have  mentioned  sulphuretted  hydrogen  as  amongst  the 
gases  occasionally  met  with  in  water,  have  you  detected  it  in  any  water 
now  used  as  a  beverage  ?— I  have  repeatedly,  in  Thames  water,  in  the 
neighbourhood  of  the  bridges ;  indeed  on  no  occasion  have  I  failed  to 

^96^*' What  was  the  method  of  proceeding  adopted?— I  added  to 
a  wine  glass  of  water  a  few  grains  of  acetate  of  lead;  this,  after  an 
hour  or  two,  formed  a  precipitate  at  the  bottom  of  the  vessel^  of  a 
brownish  colour,  a  sulphuret  of  lead;  in  order  to  render  the  tint  oi 
the  precipitate  more  evident,  it  is  advisable  to  add  a  little  of  the  lead 
to  some  water  not  suspected  to  contain  the  gas  in  question,  and  to  con- 
trast the  two.  The  sulphuretted  hydrogen  might  still  be  unequivocally 
detected  in  many  cases  in  the  Thames  water,  even  after  filtration. 

97  The  presence  of  sulphuretted  hydrogen  m  Thames  watei  near 
the  bridges,  is  due  to  the  decomposition  of  the  organic  matter  so 
laro-elv  thrown  into  it  from  the  sewers? — Yes.  _ 

98.  Have  you  found  water  to  absorb  this  gas  from  the  air  "fer  any 
circumstances?-!  have  detected  it  in  ^vater  placed  within  he  infl^^ 
ence  of  the  emanations  of  a  privy,  from  which  as  is  well  known 
Urge  quantities  of  this  gas  are  Vven  off,  -peckUy  in  the  1^^^^ 
of  sunimer  It,  therefore,  becomes  very  probable  that  the  water  ot 
cisterns  placed  near  privies,'  or  over  closets  as  they  too  frequently  are, 
is  sometimes  contaminated  by  sulphuretted  hydrogen. 

QQ  Is  not  this  gas  highly  prejudicial  to  animal  life  ies,  veiy 
much  so  Tnl  in  lai'ge  quantities  even  fatal.  There  can  be  httle  doub 
Xo,  but  that  in  the'quantity  in  which  this  gas  is  contained  m  T^^^^^ 
wat^r,  it  exerts  an  injurious  effect  on  health,  ^^^^^Jf^ '^^^^ 
troduced  into  the  stomach  in  the  water  drank,  or  Y^^l^e  it  be  receivea 
i.to  the  lungs  in  the  vapour  of  Thames  -ter  A^^^^J  k^nufon 
cially  in  hot  ^^^^ ^  ^^'^g,^,  ^IJ^' 

'VMm  fhp  river:  this  is  rapidly  ditiusea  tnrougnuui'  '  | 
tainedin  wrterV-The  general  effect     to  remove  a  ecrtan,  poruon  of 
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the  gases ;  there  are,  however,  particular  efFects  according  to  the  filtering  Dr.  Arthur 
media  employed,  and  the  nature  of  the  gases  present.  Hawaii. 

101.  How  do  you  account  for  the  fact  that  water  taken  high  up 
the  Thames,  hefore  it  is  mixed  with  the  filth  resulting  from  extensive 
traffic  on  the  river,  and  the  sewage  of  large  towns,  is  brisk  and  clear 
while  if  obtained  lower  down  it  is  flat  and  dead  ? — If  obtained  hioh 
up  the  river,  its  comparative  freedom  from  organic  and  other  impurities 
accounts  for  its  clearness  and  much  of  its  freshness;  its  briskness 
depends  upon  the  amount  of  carbonic  acid  gas  Mdaich  it  holds  in 
solution;  if  procured  low  down  the  river,  near  London,  its  extensive 
admixture  with,  and  contamination  by,  sewage,  decomposing  organic 
matters,  and  deleterious  gases,  sufficiently  explains  the  dead  and  turbid 
character  of  the  water. 

102.  Is  a  stagnant  condition  of  water,  or  one  of  motion,  favourable 
to  aeration? — To  this  question  I  am  scarcely  able  to  reply  very  satis- 
facloril)^  I  believe,  however,  that  motion  greatly  promotes  the  aeration 
of  the  water.  Thus,  if  we  merely  breathe  upon  the  surface  of  a  tum.bler 
of  distilled  water,  a  much  longer  time  will  be  required  to  impregnate  the 
liquid  with  the  carbonic  acid  gas  contained  in  the  breath  than  if  we 
were  to  pass  a  current  of  respired  air  through  it  by  means  of  a  little 
glass  tube.  The  motion  of  water  agitated  by  wind  or  storms  of  rain 
&c.,  is  of  a  somewhat  similar  character,  and  is  probably  attended  bv 
increased  aeration.  ^ 

103.  Upon  what  does  ths  smell  which  impure  water  frequently  pos- 
sesses depend  ?— Generally  upon  the  presence  of  vegetable  and  anin.al 
matter  m  a  state  of  decomposition,  and  which,  in  tliat  condition  aives 
rise  to  the  formation  of  sulphuretted  and  phosphuretted  hydroo-e.iVJses 
both  of  which  have  a  peculiarly  offensive  odour.  »     &  r 

L^^'t^?'"''^  "  ^^'^  *°  ^^^'""^  ''"y  unpleasant  odour  in  the  water- 

or  tfie  liiames  1  have  on  several  occasions  detected  in  Thames  water 
trom  the  neighbourhood  of  the  bridges  a  very  decided  smell  of  sul- 

str^nfScaVo^r^ '         "  "^^^^  ^^^^  '^^  ^ 

105.  Have  you  noticed  any  unpleasant  taste  in  water  containing  de- 
composing vegetable_  and  animal  matter  ?-I  have  ;  on  several  occasions. 

lUb.  J^rom  the  river  the  water  is  often  carried  into  a  court  or  allev 
and  placed  in  a  tank  or  tub,  sometimes  near  the  privy,  when  it  ouicklv 
begins  to  smell  disagreeably  ;  the  same  is  the  result^f  it  be  X^t  u^l 
r^om  where  persons  are  crowded  together.  To  what  is  this  a  tr  bufabL? 
7-To  the  decomposition  of  the  organic  matter  contained  in  the  water 
2Zu\  l  T''^''^  temperature,  and  to  the  direct  absorption  of  su!: 

unn?^!,^'^'''^  '^'"'^  °^       respiration  V  animals  and  nlants 

up  n  the  composition  of  the  atmosphere,  and  upon  the  a  ra'n  of  he 

the  eartM^tf -'^'^f  respiration  of  animals  which  live  on 

wi  h  thl\;'rbonin'Hd"'  ^f---tion_of  the  air  by  its  admixture 
while  that  of  the  P'^^'"^^"       ^^^^th  or  expired  air; 

reverse  tL,    i    J^^piration  of  terrestrial  vegetables  is  precisely  the 

ues,  and  yield  up  the  oxygen ;  thus  the  general  effect  of  the 

E  2 
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Dr.  Arthur  Tcspiration  of  plants  is  to  counteract  the  tendency  to  atmospheric  dete- 
Ha^u.  j.joration  occasioned  by  the  respiration  of  animals.  Now  the  same  law 
holds  good  with  respect  to  the  res|)iration  of  the  animals  and  vegetables 
present  in  water,  the  tendency  of  the  one  is  opposed  by  thai  of  the 
other,  and  hence  we  find  that  in  water,  as  well  as  on  the  earth,  animal 
and  vegetable  productions  are  constantly  associated  and  naturally  de- 
pendent upon  each  other.  ^       r  ci     •  o 

108.  Have  you  made  any  experiments  upon  the  subject  of  filtration. 
— I  have,  a  considerable  number. 

109.  Will  you  be  good  enough  to  state  their  nature  ?— I  would  observe 
that  filtration  is  an  operation  which  is  carried  on  in  nature  on  a  large 
scale,  and  in  a  very  effective  manner ;  looking  upon  the  surface  of  the 
earth,  and  reflecting  upon  what  passes  there,  many  instances  of  hltration 
present  themselves  to  our  notice ;  it  is  by  filtration  that  the  water  which 
falls  upon  the  surface  of  the  earth  in  dew,  showers  of  rain,  or  storms  ot 
hail  or  snow,  makes  its  way  into  the  soil  which  it  vivifies  ;  it  is  by  filtra- 
tion or  percolation  that  this  water  passes  from  the  soil  into  the  cellular 
tissue  of  the  plant  which  it  pervades,  imparting  to  it  freshness  and 
vigour;  it  is  by  this  operation  that  the  river  as  it  flows  along  fertilizes 
the  adjacent  fields  and  pastures ;  the  water  of  the  pure  well,  or  that 
which  gushes  from  the  spring,  is  filtered  water,  and  man  in  his 
attempts  at  filtration  does  but  imitate  in  a  less  effectual  manner,  and 
on  a  much  smaller  scale,  a  natural  operation.    Now  filtration  is  of  two 
kinds  mechanical  and  chemical;  sometimes  both  are  in  action  at  ihe 
same  time,  and  this  is  generally  the  case  when  water  passes  through 
soils.    I  first  directed  my  attention  to  the  mechanical  properties  ot 
filters,  experimenting  with  the  following  substances ;  namely,  coarse  anu 
fine  bibulous  paper,  wool,  sand,  vegetable  charcoal,  animal  charcoal, 
mild  and  strong  clays  ;  it  is  proper  to  state,  that  the  water  e^^-P  oyed  as 
a  test  was  green  pond-water,  the  colour  of  which  proceeds  for  the  niost 
part  from  the  presence  of  myriads  of  Infusoria,  of  the  genera  Mcro- 
alena,  Cryptoglena,  and  especially  Euglena. 

^  Uh   Then  your  first  experiments  had  reference  to  the  removal,  not 
of  solid  and  inorganic  particles,  but  of  organic  matter  ?— Yes,  ^v«^ 
?his  point  that  m'y  inquiries  were  particularly  directed   and  in  the  first 
n  tance  they  wire  limited  to  living  organic  V^^A^^--^^^^^^ 
Infusoria,  &c.    I  will  now  proceed  to  state  the  results  .—The  water 
pS"h  ough  fine  and  coaL  bibulous  paper,  retained  a  very  ev.dent 
^reen  tino-e  deeper  through  the  coarse  than  the  fine  paper  and  ex- 
fmred^rhtugHhe  microlcope  was  found  to  swarm  w«^^^^^ 
Filtered  through  sand,  it  possessed  an  ^^^^^'^'Kf''^'''^^^^^^ 
contained  multftudes  of  animalcules,  some  of  large  P^f^^,^^^^^^^ 
three  6iSerent  patent  filters,  it  also  came  -  ^  ^^^^^ 
opacity,  as  well  as  numerous  Lifusoria     (In  testing  tne  p 

came  Tut  bright  and  transparent,  without  colour  or  opacity,  and  no 
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animalcules  could  be  discovered  in  it.  Through  loam  the  water  was  Dr.  Arthur 
still  perceptibly  green,  and  contained  the  animalcules  in  great  ahund-  "^^i- 
ance.  Filtered  through  mild  and  strong  clay,  the  water  was  nearly  as 
clear  and  bright  as  through  the  animal  charcoal,  without  trace  of  In- 
fusoria. It  is  now  to  be  observed  that  in  all  cases  in  which  the 
Infusoria  passed  the  filter,  they  were  found,  on  examination  with  the 
microscope,  to  be  in  a  living  condition.  In  those  cases  in  which  they 
were  entirely  retained  by  the  filter,  the  animalcules  did  not  penetrate 
into  its  substance  beyond  the  depth  of  an  inch,  or  at  most  two  inches. 
It  may  be  objected  to  these  experiments,  that  the  green  water  em- 
ployed was  not  fair  test  water,  inasmuch  as  filters  are  not  in  general 
required  to  purify  such  water ;  this  objection  is  more  specious  than 
real,  for  all  water  contaminated  with  Infusoria,  contains  some  of  the 
smaller  kinds  of  animalcules,  and  the  ova  of  all ;  these,  therefore,  are 
equally  liable  to  pass  the  filter  as  those  of  the  green  pond-water,  and 
that  they  do  so  is  shown  by  the  results  of  the  filtration  of  Thames 
water  given  hereafter. 

_  111.  Are  we  to  understand  from  these  experiments  that  by  filtra- 
tion through  clay  and  animal  charcoal  the  Infusoria  were  entirely  re- 
moved ?~They  were  so  far  removed  that  none  could  be  detected  by 
means  of  the  microscope ;  however,  I  took  the  precaution  to  preserve 
for  the  period  of  a  fortnight  some  of  the  filtered  water,  and  on  exami- 
nation at  the  expiration  of  that  time  I  again  discovered  the  same  species 
of  Infusoria  as  were  present  in  the  water  previous  to  filtration ;  this 
shows  that  although  the  animalcides  themselves  were  removed,  yet  that 
their  ova  were  not  entirely  so. 

112.  Did  it  occur  to  you  to  filter  Thames  water  as  procured  from  the 
river,  near  the  bridges ?-It  did;  some  Thames  water  was  passed 
through  one  of  Lipscombe  and  Co.'s  filters.  Before  filtration,  the 
water  was  diriy  and  opaque,  containing  much  dead  ora-anic  matter  and 
grit,  as  well  as  numerous  /^/«5ona,  especially  the  Thames  Pamme- 
cium,  Diatomace<B,  and  filaments  of  Futigi.  It  also  furnished  distinct 
evidences  of  the  presence  of  sulphuretted  hydrogen.  After  filtration. 
It  came  out  clear  and  bright,  without  visible  sediment  or  discoloration  • 
exammed  with  the  microscope,  nearly  all  the  dead  organic  matter  and 
grit  was_ found  to  have  been  removed,  and  comparatively  but  few  livina- 
productions  were  present :  three  or  four  Paramecia,  Oxytricc^,  and 
mmute  JSfaviculcE,  with  fragments  of  filiments  of  Fungi,  and  numerous 
ova  and  monads  of  small  size.    No  sulphuretted  hydrogen. 

iL3.  VV  ere  the  animalcules  in  the  green  pond-water  very  smalP— 
1  es  many  of  them  exceedingly  minute ;  in  fact  the  smallest  known 
114.  It  may  be  safely  assumed,  I  suppose,  that  those  substances 

rau"llv"^m  '^^'"^  organic' ma'tter,  will  intercep   n  an 

equally  efficient  manner  dead  organic  particles  ?-Undoubtedly ;  I  would 
.ow  observe,  that  I  put  the  mechanical  powers  of  the  dilFeren  filterm^ 
med  a  enumerated  above  to  a  st.ll  severer  test  than  that  of  the  o-reeS 

^^a^^'/ ^rrt  ^'"-^"^^        ^  milk  ;  tS 

Cw  l  ow^r  K,''-^ •  '^^^J'^^'^^P^^  constitution  of  this  fluid,  will 
butfP,  r  ^^'"^^^^^y.  ^t  ^«  fitted  to  serve  as  a  test  liquid  for  filters  •  the 

s  m  ^wir;   "  S-^-^"'-  «^  variable  sizes! 

some  of  which  are  exceednigly  .ninute,  and  it  is  to  the  presence  of 
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^H^^T  ^"^^^^  that  milk  owes  its  opacity  and  colour :  except  from  the  animal 
■  cliarcoul  and  the  mild  clay  (the  strong  was  not  employed),  the  milk  as 
it  escaped  was  observed  to  retain  much  of  its  colour  and  oi)acity,  and 
this  was  the  case  even  with  that  which  came  away  from  the  vegetable 
charcoal  and  the  patent  filters  ;  that,  however,  which  flowed  from  the 
animal  charcoal  and  mild  clay,  was  nearly  but  not  quite  as  transparent 
as  pure  water,  and  on  microscopic  examination  the  globules  ol'  butter 
could  not  be  detected ;  these  were  all  retained  on  the  surface  of  the 
filters,  where  they  formed  a  thick  stratum  of  cream. 

115.  Much  has  been  said  upon  the  subject  of  filters  not  retaining 
the  fluid  or  soluble  organic  matters  present  in  some  liquids  and  in 
impure  waters;  have  you  directed  your  attention  to  this  point,  and  can 
you  state  from  observation  or  experiment  whether  filters  do  or  do  not 
intercept  such  fluid  organic  substances? — I  have  made  many  experi- 
ments in  order  to  determine  this  point;  I  first  passed  some  recent 
human  urine  through  vegetable  and  animal  charcoal,  loam,  and  mild 
clay;  passed  through  the  vegetable  charcoal,  the  urine  still  possessed 
some  colour  and  a  faint  urinous  smell ;  through  loam  the  colour  was 
deeper  and  the  smell  stroncjer,  while  through  animal  charcoal  and 
clay  the  urine  was  as  clear  and  as  free  from  colour  or  smell  as  tlie 
purest  water;  tested  for  the  peculiar  colouring"  matter  of  the  urine, 
this  was  abundant  in  the  urine  from  the  loam  and  vegetable  charcoal, 
with  but  faint  indications  only  of  its  presence  in  the  animal  charcoal 
and  clay,  least  of  all  in  the  former ;  tested  for  urea,  (an  efiiete  animal 
substance,)  this  was  lound  to  be  present  in  abundance  in  all  the  ex- 
amples of  urine  ;  the  crystalline  substance,  formed  with  nitric  acid,  on 
the  evaporation  of  a  given  quantity  of  the  urine,  being  beautifully  clear 
and  colourless  hi  that  from  the  animal  charcoal ;  chlorides  and  sulphates 
were  all  present  in  each  case.  I  next  tested  the  serum  of  milk  filtered 
through  animal  charcoal  and  mild  clay,  and  here  I  found  the  caseine 
or  cheese  in  abundance ;  it  is  thus  evident  that  fluid  animal  substances 
are  not  entirely  arrested  by  even  the  best  filters.  I  will  now  show  that 
fluid  vegetable  substances  are  likewise  not  intercepted,  or  rather  that 
some  filters  themselves  yield  to  the  liquid  filtered  fluid  vegetable 
matter ;  the  first  portions  of  water  passed  through  loam  are  usually 
beautifully  clear  and  colourless,  but  after  a  time,  and  as  soon  as  the 
soil  becomes  thoroughly  saturated,  the  water  is  often  turbid,  and  of  a 
deep  brown  colour.  " Now,  if  lime-water  be  added,  even  to  the  clear 
and  colourless  water,  in  a  few  minutes  a  change  in  the  liquid  will  be 
observed  ;  it  will  become  of  a  bright  brown,  almost  gold  coloured,  and 
finally  it  will  deposit  a  brown  sediment,  which  is  the  lime  in  combina- 
tion with  the  vegetable  substance- 

116.  Have  you  instituted  any  experiments  with  the  view  of  deter- 
mining the  effect  of  filtration  upon  the  aeration  of  water?— I  have 
made  some  observations  in  order  to  ascertain  the  power  possessed  by 
certain  filters  to  absorb  and  remove  sulphuretted  hydrogen  and  carbonic 
acid  from  water.  Paper,  sand,  and  wool,  being  for  the  most  part  me- 
chanical in  their  action,  it  was  not  necessary  to  experiment  with  them. 
Sewer-water,  holding  in  solution  a  large  quantity  of  sulphuretted  hydro- 
gen and  of  organic  matter,  emitting  an  odour  in  a  high  degree  offensive, 
was  passed  through  the  following  substances  : — 
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Vegetable  Charcoal. — From  this  it  came  out  free  from  smell,  and  Dr.  Arthur 
colourless,  yet  evidently  somewhat  opaque;  tested  for  sulphuretted  -  Haaa&ll. j 
hydrogen,  this  gas  was  not  found. 

Animal  Charcoal. — Through  this  the  water  escaped  clear  and  bril- 
liant, without  the  slightest  opacity,  and  showing  no  traces,  on  the  appli- 
cation of  tests,  of  the  presence  of  sulphuretted  hydrogen. 

Patent  Filters. — Passed  through  these,  the  water  passed  with  a 
slight  tint  of  colour  and  opacity  only,  but  furnished  evident  traces  of 
the  presence  of  the  gas  in  question. 

Loam. — From  this  the  water  came  out  in  scarcely  so  pure  a  condition 
as  from  the  filters,  and  also  contained  sulphuretted  hydrogen. 

Mild  and  Strong  C/ay*.— Through  these  the  water  passed  as  clear 
and  transparent  as  through  the  charcoal,  but  yet  was  found  to  furnish 
distinct  evidences  of  the  presence  of  the  gas.  The  sewer  water,  tested 
for  sulphuretted  hydrogen  before  being  passed  through  a  filter,  gave 
with  lead  a  dark  brown  precipitate;  while,  after  having  been  filtered 
through  the  patent  filters,  loam,  and  clay,  the  colour  of  the  precipitate 
was  of  a  light  brown.  It  is,  therefore,  evident  that  all  the  above  filter- 
ing media  are,  to  a  greater  or  less  extent,  chemical ;  and  that,  while 
some  of  them  absorb  the  whole  of  the  sulphuretted  hydrogen,  others 
retain  only  a  portion  of  it.  Most  of  the  patent  filters  are  made  with  a 
certain  amount  of  charcoal,  and  hence  their  chemical  properties.  Now, 
although  the  water  employed  in  these  experiments  was  sewer  water, 
yet  the  same  proportional  effects  would  follow  the  use  of  any  water  con- 
taining sulphuretted  hydrogen.  Again,  Thames  water,  known  to  con- 
tain sulphuretted  hydrogen,  was  passed  through  the  same  media,  and 
when  tested  for  the  gas  it  was  found  in  all  the  filtered  waters,  except 
those  which  had  come  through  the  animal  and  vegetable  charcoal. 
When  acetate  of  lead  was  added  to  the  water  filtered  through  loam,  a 
precipitate  was  obtained  somewhat  similar  to  that  noticed  on  the  addi- 
tion of  lime  water,  and  indicative  of  the  presence  of  organic  matter. 

117.  What  experiments  did  you  make  with  the  view  of  ascertaining 
the  effects  of  filtration  upon  the  amount  of  carbonic  acid  present  in 
water? — Water  highly  saturated  with  carbonic  acid  was  passed  through 
the  same  media  as  the  sulphuretted  hydrogen.  After  filtration  through 
animal  and  vegetable  charcoal,  a  trace  only  of  carbonic  acid  was  to  be 
discovered ;  the  water  filtered  through  loam  and  mild  clay  contained 
the  gas  abundantly,  but  yet  in  much  less  quantity  than  previous  to 
filtration.  After  passing  through  the  patent  filters  the  water  gave 
distmct  evidences  of  the  presence  of  carbonic  acid,  but  in  less  amount 
apparently  than  that  from  the  loam  and  clay. 

118.  Are  you  acquainted  with  the  effects  of  filtration  upon  the 
oxygen  of  the  water?— I  am  not ;  it  is  most  probable,  however,  that  a 
portion  of  the  oxygen  is  removed  at  the  same  time  with  the  carbonic 
acid  of  the  water. 

119.  Did  it  suggest  itself  to  you  to  try  the  effect  of  filtration  upon  the 
amount  of  carbonic  acid  present  in  any  water  in  common  use,  as  Thames 
water.— I  passed  Thames  water  through  animal  and  vegetable  char- 
coal, a  patent  filter,  loam,  and  mild  clay.  Much  of  the  gas  was  ab- 
stracted by  the  animal  and  vegetable  charcoal  and  the  patent  filter,  but 
nearly  the  whole  of  it,  as  well  as  the  carbonates  of  the  water,  were 
removed  by  the  loam  and  mild  clay,  and  by  the  loam  in  a  more  com- 
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rr.  Arthur  pletc  miinnor  than  the  clay ;  the  same  discoloration  was  to  be  observed 
HassaU.        ^j^^  ^y.^ter  iVom  the  loam,  to  which  lime  was  added,  as  previously 
noticed  and  remarked  upon. 

120.  Have  yon  made  any  observations  on  the  power  of  soils,  and 
other  substances,  in  removing  salts  from  water?— I  have  not  extended 
my  observations  to  this  branch  of  inquiry;  I  may  be  permitted  to 
observe,  however,  that  the  majority  of  the  results  of  filtration  through 
soils  are  determined  by  and  dependent  upon  the  general  laws  of  che- 
mical affinities,  rather  tban  upon  any  peculiar  and  absolute  powers 
dwelling  in  particular  kinds  of  soil ;  'thus  tbe  results  of  filtration  tbrough 
soils  are  generally  to  be  exj)lained  by  the  chemical  constitution  of  the 
soils  themselves.  Water  passed  through  animal  charcoal  will  bnng 
away  witb  it  some  of  the  phosphate  of  lime  present  to  the  amount  of 
10  per  cent,  in  that  substance. 

121.  Will  you  now,  as  briefly  as  possible,  enumerate  the  results 
which  appear  to  rest  upon  the  various  experiments  on  filtration  which 
you  have  detailed  ?— From  the  results  of  these  experiments  the  follow- 
ing conclusions  may  be  safely  deduced :— 1st.  That  bibulous  paper, 
sand,  wool,  and  loam,  are  bad  mechanical  filters  ;  2nd.  That  vegetable 
charcoal  is  by  no  means  a  perfect  one;  3rd.  That  the  mechanical 
powers  of  patent  filters  are  in  general  but  limited ;  4th.  That  animal 
charcoal,  mild  and  strong  clay,  are  nearly  perfect  as  respects  their 
power  of  mechanically  retaining  the  solid  matter,  dead  and  living,  tound 
in  even  the  worst  descriptions  of  water:  5th.  That  inasmuch  as  t.ie 
animalcules  pass  through  some  media  in  a  living  state,  that  these, 
including  loam,  do  not  exert  any  chemical  effect  upon  living  organic 
particles  ;  6th.  That  soluble  organic  matters,  either  ammal  or  vege- 
table, are  not  in  general  removed  even  by  the  more  perfect  methods  of 
filtration  ;  Ith.  That  some  soils,  as  the  loams  which  contain  a  large 
amount  of  dead  and  decaying  organic  "tatter  principal  y  vegetable 
give  up  to  water  fluid  organic  substances ;  8th.  That _  the  effect  of 
filtration  on  the  aeration  of  water  is  to  lessen  the  quantity  of  aeriform 
substances  contained  in  it ;  9th.  That  for  the  removal  of  ^^JP^^^f^^^ 
hvdroo-en,  charcoals,  especially  the  animal,  are  best ;  10th.  That  animal 
and  vegetable  charcoal,  loam',  and  mild  clay,  all  remove  the  greater 
part  oFx\^^  carbonic  acid  present  in  water,  the  two  latter  abstracting 

^^'^S^D^dTouTc^'e  any  great  difference  in  the  relative  speeds  with 
which  the  several  fluids  paJse'd  the  filters  ?-I 

the  worst  mechanical  filters  are  in  general  the  quickest  *^ '  ^^''^/^^ 
best  are  the  slowest  in  their  action  ;  of  the  more  perfect  filters,  animal 

charcoal  is  the  quickest.  i  •  „j  V    Uv  rpff^rence  to 

123.  How  are  these  differences  to  be  e^P^^'"^'^ '-^y  ^f^^^^^^^ 
the  size  of  the  integral  particles  composing  the  f.^^^f  He 

thus  the  microscope  clearly  shows  that  the  ^^^'l^'^^'^l^^l^^^^^ 
best  filters  are  ve  y  small  m  size,  while  those  of  the  worst  are  larger. 
51  worlhv  of  observation,  however,  that  the  absorhn.g  power  of^  s^^^^^ 
stances  for  gases  is  to  a  great  extent  mdependent  of  size  tlius  co^rse'y 
powdered  vegetable  chaix-oal  will  take  up  gases  equally  well,  if  not  better, 
4>,on  whpn  reduced  to  a  verv  fine  stale  of  division. 

124  The  cc^m^^^         therefore  appears  inevitable,  from  the  results  of 
your  numerous  observations  on  fillration.  that  although  the  grosser 
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impurities  of  water  may  be  removed  by  this  process  effectually  carried 
out,  vet  water  highly  contaminated  with  organic  matters,  especially  fluid, 
cannot  be  wholly  purified  by  filtration  ? — Exactly  so ;  and  I  would 
observe  that  there  is  great  reason  to  believe  that  the  fluid  impurities  of 
Thames  water  within  some  miles  of  the  metropolis  are  very  great  in 
amount  and  variety. 

125.  Would  you  now  describe  the  nature  of  the  apparatus  employed 
in  your  experiments? — The  difierent  filtering  media  were  placed  in 
glass  cylinders  of  about  two  inches  in  diameter,  each  holding  one  pound 
and  a  quarter  of  material,  and  which  formed  a  stratum  of  from  nine  to 
ten  inches  in  thickness ;  increasing  the  thickness  of  the  strata,  which 
might  be  done  to  any  extent,  would  of  course  modify  the  results  obtained 
considerably. 

126.  Then  we  may  state  it  as  a  conclusion  that  the  microscope  does 
display  differences  in  water  which  chemistry  cannot  detect? — The  micro- 
scope undoubtedly  develops  facts  which  chemistry  could  never  arrive 
at,  and  which  it  is  not  the  province  of  that  science  to  deal  with. 

127.  Especially  as  regards  the  salubrity  of  the  water,  for  while  che- 
mistry discovers  what  makes  water  hard,  or  its  saline  and  mineral  con- 
stituents, it  fails  to  show  the  nature  and  varieties  of  the  organic  matters 
contained  in  it,  and  upon  which  the  deleterious  qualities  of  water  in 
general  depend  ? — Chemistry  does  not  inform  us  of  the  species  and 
modes  of  life  of  the  various  creatures  found  in  river  and  many  other 
waters. 

128.  Is  there  not  a  great  amount  of  animal  life  in  water  which  can 
hardly  be  said  to  be  inconsistent  with  the  general  good  health  of  those 
who  drink  it? — I  should  say,  decidedly  not ;  all  living  matter  contained 
in  water  used  for  drink,  since  it  is  in  no  way  necessary  to  it,  and  is  not 
present  in  the  purer  waters,  is  to  be  regarded  as  so  much  contamination 
and  impurity,  is  therefore  more  or  less  injurious,  and  is  consequently  to 
be  avoided.  There  is  yet  another  view  to  be  taken  of  the  presence  of 
these  creatures  in  water,  viz.,  that  where  not  injurious  themselves,  they 
are  yet  to  be  regarded  as  tests  of  the  impurity  of  the  water  in  which 
they  are  found. 

129.  Then  you  think  that  the  importance  of  the  presence  of  these 
species  is  less  from  their  actual  consumption  than  from  their  being  indi- 
cations of  the  presence  of  animal  and  vegetable  matter  in  a  state  of 
decomposition,  and  on  which  they  feed? — Yes;  such  is,  no  doubt,  the 
correct  view  to  take  of  the  presence  of  the  majority  of  living  produc- 
tions found  in  water;  it  is  doubtful,  however,  whether  some  of  them 
may  at  all  times  be  consumed  with  impunity. 

130.  What  are  the  observed  effects  of  the  consumption  of  the  various 
forms  of  animal  and  vegetable  life  present  in  water  on  health? — 
ihe  fact  of  the  existence  in  large  quantities  of  living  productions 
belonging  to  several  distinct  divisions  of  the  organic  world,  and  for 
the  most  part  entirely  invisible  to  the  common  eye  in  the  waters  in 
general  use,  was  not,  I  believe,  generally  known  until  announced  by 
myselt  m  the  pages  of  "The  Lancet"  some  weeks  since  ;  it  is,  there- 
lore,  scarcely  to  be  expected  that  there  should  as  yet  have  been  made 
many  observations  tending  to  show  the  effects  of  their  consumption 

pon  health;  nevertheless,  we  are  not  altogether  without  sufficient  data 
upon  Which  to  found  an  opinion ;  thus  the  organization  and  mode  of 
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Dr.'Artimr  life  of  many  of  these  productions,  as  the  entomostracea;,  most  of  the 
Hassaii.    i,^J'^fSQ.,.la  and  algce,  are  such  as  clearly  to  unfit  them  for  any  prolonged 
existence  in  the  human  stomach  and  intestines,  and  there  is  no  question 
but  that  -when  introduced  therein  they  speedily  die,  the  digestible  por- 
tions of  them  being  assimilated;  but  whether  this  is  the  case  with  the 
fungi,  the  an7ielidce,  and  certain  infusoria  and  algcs,  admits  of  con- 
siderable doubt.    It  is  a  well  ascertained  fact  that  the  fungi  have  the 
power  of  attacking  and  even  proving  fatal  to  many  vegetable  and  the 
lower  forms  of  animal  life.    I  may  here  refer  to  certain  experiments 
which  I  made  some  years  since  to  test  the  aggressive  and  parasitic 
powers    fungi.    Many  fruits,  such  as  apples,  pears,  and  peaches,  and 
several  vegetables,  as  the  lettuce,  vegetable-marrow,  potato-haulm,  &c., 
were  inoculated  with  the  sporules  oifu7igi;  the  result  of  this  was  that 
they  all  became  speedily  diseased,  and  in  a  few  days  many  of  them 
entirely  disintegrated  and  destroyed.    It  is  to  be  observed  that  these 
experiments  were  made  on  healthy  and  growing  fruits  and  vegetables; 
the  former  were  still  on  the  trees,  and  the  latter  rooted  in  the  earth.   In  the 
softer  fruits,  as  the  peach  and  some  kinds  of  apples  and  pears,  the  effects 
of  the  inoculation  became  visible  in  less  than  24  hours,  a  dark  spot,  like 
that  of  mortification,  first  appearing,  and  this  gradually  extending  in 
all  directions  until  the  fruit  became  completely  disorganized.  ihere 
are  now  also  many  recorded  cases  in  which  fungi  have  attacked  the 
living  animal  organism,  including  even  man  himself;  the  disease,  mus- 
cardine,  which  occurs  in  the  silk-worm  and  many  other  animals  of  the 
same  class,  as  well  as  the  peculiar  softening  which  the  tails  of  fish 
confined  in  glass  globes  frequently  undergo,  is  attributable  to  the 
growth  within  the  tissue  of  the  animal  of  ramifying  filaments  of  fungi. 
A"-ain,  fungi  have  been  noticed  growing  on  ulcerated  surface^  in  the 
human  intestines  in  cases  of  fever;  they  have  likewise  been  observed 
in  certain  affections  of  the  skin,  and  in  discharges  from  the  stomach, 
bowels,  bladder,  and  vagina.  . 

With  respect  to  annelidcs,  it  is  commonly  known  that  several  species 
of  worms  live  in  the  human  intestines,  and  even  grow  and  multiply 
there,  greatly  to  the  detriment  of  health,  and  it  is  difficult  to  avoid  the 
conclusion  that  they  are  really  introduced  from  without,  either  in  the 
water,  or  through  the  medium  of  the  food.  -i 

An  malcules  widely  differing  from  each  other  have  also  been  observed 
to  occur  in  the  human  organism  in  connexion  with  certam  diseases 
Thus  Donne  has  figured  and  described  a  vibrio,  under  the  name  of  the 
venereal  vibrio;  the  same  observer  has  likewise  "^^^'^^'^^^^^f  ""j ^ 
charges  inf^oAa,  which  he  has  named  trichomonades,  and  ^^^^^Ms  ^^^^^ 
as  the  vibrio  are  fio-ured  in  my  work     On  the  Microscopic  Ana  omy 

rfttHu"od^^^  ^^^T^'^^'^s:::: 

have  been  noticed  in  the  humours  of  the  eye,  m  the  muscular  tissue. 

^"it^o";cf  of  .nalgce  being  found  in  -^.ion  the 
human  subject  is  that  recorded  by  Dr.  Arthur  Farre  :  it  was  observed 
fna  case  of  vomiting,  and  has  been  named  Sarcma  vmtncuh  It  is 
now  to  he  observed^  that  the  greater  part  of  the  living  productions 
loVed  in  relation  with  man  have  had  their  seat  on  the  surface  of  the 
Sndv  inThe  stomach,  intestines,  gall-bladder,  or  in  the  urinary  pas  ages, 
u  eru  and  vagi;   hat  is,  almost  invariably  in  positions  accessible  to 
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the  air,  an  observation  leading  to  the  conclusion  that  they  found  their  Dr.  Arthur 
wav  into  the  frame  from  without.    The  general  immunity  of  tlie  lungs      ^  " 
from  parasitic  developments,  either  vegetable  or  animal,  is  remarkable. 

131.  The  diatomaeece  are,  I  believe,  furnished  with  skeletons  of 
silex;  what  becomes  of  them  when  introduced  into  the  stomach,  and  is 
it  probable  that  they  could  give  rise  to  results  injurious  to  health  ? — The 
vitahtv  of  the  diatomacecB  is  most  probably  destroyed  when  introduced 
into  the  system;  they  pass,  however,  in  an  entire  state,  and  when  con- 
sumed in  any  quantity,  it  is  quite  possible  that  they  might  give  rise  to 
irritation,  in  consequence  of  their  unyielding  nature  and  of  the 
elongated  and  needle-like  character  of  most  of  the  species,  the  extremi- 
ties of  the  frustules  frequently  being  finer  and  sharper  than  the  points  of 
needles. 

132.  You  find  some  animalculse  show  the  presence  of  decomposing 
animal  or  vegetable  matter,  but  I  suppose  you  have  not  had  evidence  of 
persons  going  from  one  kind  of  water  to  another,  and  finding  variations 
of  health  in  consequence  ? — I  have  no  original  observations  to  offer  on 
this  point.  I  would  remark,  however,  that  except  in  times  of  epidemics 
we  ought  not  to  look  for  any  sudden  or  violent  effects  from  the  use  of 
water  impregnated  with  living  or  decomposing  vegetable  and  animal 
matters;  these  effects,  like  tiiose  of  vitiated  air,  are  slow  and  insidious, 
but  not  the  less  important  and  the  less  to  be  dreaded. 


Hector  Gavin,  M.D.,  F.R.C.S.  Ed.,  Lecturer  on  Forensic  Medicine, 
Charing  Cross  Hospital,  examined. 

Have  you  not  paid  considerable  attention  to  the  sanitary  condition  of  Dr.  Hector 
your  district  ? — I  ana  intimately  acquainted  with  the  sanitary  condition 
of  the  surrounding  districts. 

And  you  have  also  been  engaged  as  Medical  Inspector  in  aid  of  the 
General  Board  of  Health  ? — Yes. 

Have  you  observed  the  water  supply  in  your  neighbourhood  ? — I  have, 
very  particularly. 

What  are  the  districts,  and  by  what  companies  are  they  supplied  ? 
— ^Hackney,  Bethnal-green,  and  Shoreditch ;  they  are  supplied  by  the 
New  River  and  East  of  London  Water  Companies,  and  on  the  inter- 
mittent system. 

What  proportion  of  the  people  you  visited  during  the  house-to-house 
visitation  were  supplied  by  stand-pipes  ? — In  Hackney  about  half  the 
houses  are  supplied  by  stand-pipes  ;  in  Bethnal-green,  with  very  few 
exceptions,  the  dwellings  of  the  poor  are  supplied  with  water  by  rneans 
of  stand-pipes  ;  in  Shoreditch  a  larger  number  of  houses  have  water  laid 
on,  but  still  the  number  of  dwellings  supplied  by  stand-pipes  is  very 
considerable.  In  a  few  instances  some  squares  or  rows  of  houses,  as 
Thorold- square,  Bethnal-green -road ;  the  Crescent,  Hackney-road  ;  the 
Crescent,  Union-street,  Kingsland-road,  have  sunk  reservoirs  communi- 
catmg  with  the  main,  which  by  means  of  a  pump  supply  water  con- 
stantly to  the  inhabitants.  With  these  exceptions  all  poorer  and  middle- 
class  dwellings  in  Hackney,  Bethnal-green,  and  Shoreditch  are  supplied 
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as  I  have  mentioned.  The  poor  preserve  the  water  either  in  1°  butts — 
cisterns  are  almost  unknown  (I  only  met  with  two  altaclied  to  the 
dwellings  of  the  poor  and  middle  classes  in  Bethnal -green,  the  one  was 
a  large  covered  butt,  the  other  an  open  wooden  cistern  containing  the 
remains  of  cooked  fish),  or  2^  small  tubs,  or  earthenware  jugs,  pans,  or 
sometimes  in  small  crockery-ware  bowls,  and  sometimes  soup-plates. 
Water  })reserved  in  such  tubs  or  pans  is  nearly  always  taken  in-doors. 
Such  vessels  are  never  covered.  Even  where  there  are  small  butts,  the 
•water  is  still  preserved  in-doors  in  small  open  vessels  ;  w^hcn  there  are 
tubs,  the  tubs  are  very  frequently  stowed  away  below  the  beds.  In  one 
instance  a  child  fell  into  one  of  these  tubs,  which  projected  from  below 
the  bed,  and  was  drowned. 

Then  it  is  incident  to  this  plan  for  having  water  from  stand-sipes  that 
the  people  keep  the  water  in  their  rooms? — Yes;  even  where  there  are 
butts,  they  are  so  small  that  the  people  attempt  to  increase  their  store  of 
■water  by  preserving  some  in  open  vessels  in  their  rooms  ;  in  all  other 
cases  it  is  the  nearly  invariable  practice  of  the  poor  to  preserve  their 
•water  for  drinking  and  cooking  in  their  rooms. 

What  is  the  effect  of  the  retention  of  water  in  close  atmospheres? 
— In  some  places  I  have  found  the  water  used  for  drinking  and 
cooking  almost  putrid,  even  where  it  had  stood  for  a  short  time  only ; 
in  nearly  every  place,  whenever  the  water  has  been  retained  for  a  day, 
it  has  become  offensive  to  the  taste.    When  the  water  is  preserved  out- 
side of  the  house,  it  is  always  retained  in  open  vessels ;  the  butt  is  gene- 
rally situate  close  to  the  privy,  sometimes  under  the  sarne  roof;  the 
■water  is  therefore  always  exposed  to  the  impurities  floating  in  and  liable 
to  be  deposited  from  the  atmosphere,  and  always  liable  to  be  coi>- 
taminated  by  the  absorption  of  foul  and  malarious  air  arising  from  the 
privies  and  the  back  yards  saturated  with  the  dfebris  of  decomposing 
matters.    When  water  is  taken  into  the  close,  heated,  and  offensive 
rooms  of  the  poor,  it  rapidly  absorbs  the  offensive  gases,  &c.,  and 
becomes  tainted  ;  and  when  the  water  has  been  preserved  some  time  in 
butts  or  tubs  outside,  exposed  to  the  foetid  atmosphere  of  a  privj',  it 
taints  still  more  rapidlv.    It  is  almost  impossible,  on  calling  for  a 
tumbler  of  water  in  the  houses  of  the  poor,  to  find  it  free  from  a 
mawkish  taste.    As  an  example  of  the  mode  of  supply  by  butts,  I  may 
refer  to  Beckford-row,  Bethnal-green.    The  butt,  21  inches  in  diameter 
by  12  inches  deep,  is  under  the  same  shed  as  the  privy.    It  supphes 
water  to  Beckford-row  and  Alfred-row;  the  former  consists  of  16 
2-roomed  houses,  each  having  a  separate  family.    The  latter  row  is  the 
southern  half  of  Beckford-row;  the  water  supply  to  the  occupants  ot 
these  48  rooms  consists  thus  of  about  as  much  as  would  subserve  to 
the  wants  of  one  individual.    When  it  is  considered  that  the  supply  is 
intermittent  and  thrice  weeklv,  the  deficiency  in  the  storage  l^or  water 
tinder  the  intermittent  system  may  be  estimated.    A  particulailj  oD- 
iectionable  manner  of  storing  water  consists  in  retaming  it  in  smaU 
butts  or  tubs,  wholly  or  half  sunk  in  the  ground.    This  mode  preven  s 
the  butts  or  tubs  from  being  cleansed,  and  the  sediment  which  collects 
from  being  removed.    Water  retained  in  such  receptacles  is  of  a 
mawkish,  earthy  taste.    This  mode  of  preserving  water  is  common  to 
Tevlral  of  the  places  called  "gardens"  in  Bethnal-green.    h  follows, 
from  the  general  want  of  external  means  of  stormg  water,  and  from  the 
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small  size  of  the  existing  receptacles,  that  the  poor  are  compelled  to  Dr.  Hector 
preserve  their  water  in  small  vessels,  and,  as  a  rule,  in  their  own  rooms.  .fllT" 

What  was  the  size  of  the  butts  ? — Ridiculously  small ;  the  tubs  are 
•"•enerally  shallow  vessels,  which  expose  the  whole  surface  of  the  water 
to  the  filthy  atmosphere,  and  they  are  generally  placed,  as  I  have  ob- 
served, close  to  some  privy  or  dungheap.  As  an  example  of  the  mode 
of  supply  by  butts,  I  may  refer  to  the  small  barrel  for  the  storage  of 
water  for  the  inhabitants  of  Beckford-row. 

Do  you  concur  that  if  the  system  of  distribution  were  such  that  the 
water  might  be  laid  on  in  each  landing-place,  already  filtered,  a  great 
alteration  would  result  in  the  habits  of  the  people  ? — I  know  nothing 
that  would  more  immediately  effect  a  great  change  than  an  ample  supply 
of  water.  The  habits  of  the  people  are  created  by  circumstances  and 
by  education.  Nothing  struck  me  more  forcibly  than  the  arduous 
efforts  of  the  poor  in  the  districts  I  have  mentioned  to  be  cleanly,  and 
the  readiness  with  which,  on  a  supply  of  water  being  laid  on,  they  have 
availed  themselves  of  the  means  of  cleansing  it  afforded.  In  the 
erections  of  later  date  in  towns  and  cities,  where  a  constant  supply  of 
■water  has  been  laid  on  to  each  house,  this  mode  of  supply  in  a  very  short 
time  led  to  a  marked  difference  between  the  habits  of  the  people  who 
were,  and  those  who  were  not,  thus  supplied  with  water  ;  and  I  have  ob- 
served similar  results  during  the  late  visitation,  when  supplies  of  water  were 
in  some  instances  more  liberally  accorded.  I  have  found  the  poor  busily 
engaged,  when  it  was  on,  in  scouring  and  washing  down  their  foot- 
paths and  yards,  and  congratulating  themselves  on  the  opportunity  which 
this  extraordinary  supply  afforded  them  of  being  clean  ''for  once." 
I  have  invariably  found  that  where  there  were  larger  supplies  of  water, 
the  people  were  more  cleanly  in  their  persons  and  dwellings.  Under  the 
present  system  cleanliness,  either  of  person  or  dwelling,  is  perfectly  im- 
possible. This  uncleanliness  results  not  only  from  the  impracticability  of 
storing  water  sufBcient  for  their  wants,  it  arises  in  numerous  instances 
from  the  water  from  the  stand-pipes,  on  each  occasion  of  its  "  coming 
on,"  flooding  the  yards,  courts,  paths,  &c.,  and  keeping  the  place  con- 
stantly miry.  Besides  the  mere  uncleanliness  arising  from  this  mode  of 
supply,  the  system  is  most  injurious  in  another  way : — When  the  water 
is  on,  a  partial  flooding  takes  place,  in  consequence  of  the  want,  or  the 
insuf5.cient  state,  of  the  drainage.  The  water  sinks  into  the  ground, 
renders  the  houses  damp,  and  the  inhabitants  diseased;  by  the  "partial 
flooding  of  the  yards,  the  refuse  with  which  at  the  present  time  they  are 
almost  invariably  covered  becomes  moistened,  and  during  the  process  of 
drj'ing  in  the  sun  the  moisture  readily  carries  up  the  destructive  pro- 
ducts of  the  decomposition  going  on.  I  am  satisfied  from  my  o^vn 
observation  that  much  disease  is  produced  in  this  way.  The  quantity 
of  water  thus  run  through  the  drains  by  overflow  is  just  sufficient  in 
such  places  to  stir  up  the  putrescent  mud  in  the  half-choked  drains, 
without  ever  effectually  cleansing  them.  By  the  proposed  system  of 
distribution  much  toil  and  labour  would  be  saved  to  the  poor,  espe- 
cially in  close  and  lofty  dwellings,  such  as  in  the  cholera  districts  of 
Bethnal-green,  Shoreditch,  Spitalfields,  Whitechapel.  Where  there  is 
much  labour  entailed  on  the  poor  in  carrying  water  up  and  down  stairs, 
cleanlmess  is  much  neglected,  and  the  upper  rooms  generally  show 
more  neglect  and  uncleanness  than  the  lower.    In  Whitecross-place,  for 
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Dr.  Hector  instance,  referred  to  in  my  Report  on  Shoreditch,  there  are  five  stories 
to  some  of  the  houses,  each  room  containing  a  family.  The  deaths 
from  cholera  took  place  in  the  very  top  story,  which  showed  much  more 
uncleanness  tlian  the  lower  rooms.  In  these  upper  rooms  the  inhabit- 
ants used  the  water  over  and  over  again,  until  it  became  very  offensive, 
and  "  past  usin^."  The  drinking-water  is  stated  by  the  visitor  to  have 
been  "  horribly  offensive."  The  poor  man,  a  shoemaker,  and  his  wife, 
stated  a  few  days  before  their  deaths  that  they  had  not  tasted  a  drop  of 
water  fit  to  drink  since  they  had  been  in  that  house.  Besides  the  results 
just  referred  to,  the  foulness  of  the  water,  acquired  by  exposure  to  a  close 
and  offensive  atmosphere,  renders  it  particularly  odious  to  the  poor  as 
a  common  beverage.  The  water,  often  very  much  loaded  with  sedi- 
mentary matter,  and  subsequently  rendered  offensive,  becomes  un- 
palatable to  the  poor,  who  have  no  means  of  fikration  ;  they  therefore 
have  recourse  to  beer,  which  has  become  a  common  beverage  of  the 
people  of  London,  as  much,  if  not  more,  from  the  impurity  of  the 
drinking  water  supplied  to  them  than  from  any  other  cause.  I  have, 
in  making  inquiries  among  the  poor,  constantly  had  this  reply, — "We 
cannot  drink  the  water.  Sir,  it  is  so  nasty;  it  makes  me  ill."  This 
common  observation  among  the  poor  is  borne  out  by  the  evidence  of 
strangers,  who  generally  complain  of  slight  diarrhoea  after  drinking 
the  London  water  for  a  few  days.  I  have  every  reason  to  believe,  tliat 
were  a  pure  and  wholesome  water  supplied  to  the  poor  of  London,  it 
would  be  found  that  in  a  short  time  intemperance  and  beer -drinking 
would  become  much  less  common.  This  evidence  is  the  result  of  my 
inquiries  among  the  poor  themselves,  continued  for  several  years. 

During  your  experience  of  the  recent  epidemic  could  you  trace  the 
effects  of  using  foul  water?— The  connexion  between  foul  drinking-water 
and  cholera  was  established  by  irrefragable  evidence.    The  cases  where 
the  connexion  was  most  clear  "were  where  the  parties  had  been  recently 
drinking  water  taken  from  pumps  near  to,  and  contaminated  by  the 
matter  of  cesspools  ;  but  wherever  the  water  was  contaminated  so  as  to 
be  nauseous,  diarrhoea  was  invariably  present,  and  affected  every  person 
in  the  habit  of  drinking  such  water.    I  am  not  aware  of  any  valid 
exceptions  to  this  law.    The  most  aggravated  instance  of  foid  water 
developing  cholera  was  where  a  thirsty  navigator  drank  of  the  Hackney- 
brook  (a  common  sewer),  and  was  almost  immediately  attacked  with 
cholera,  and  subseqiiently  speedily  died.    The  cases  next  most  marked 
were  those  of  the  11  persons,  out  of  22  in  number,  whom  I  have  already 
recorded  as  having  perished  in'  a  certain  square  consisting  only  of  a  few 
houses,  where  the  water  was  contaminated  with  cesspool  matter.  A 
similar  story  I  have  related  with  reference  to  the  first  outbreak  of 
cholera  at  Fulham.    In  Hackney  I  have  shown  how  that,  out  of  63 
inhabitants  of  one  locality  who  drank  of  water  contaminated  with  cess- 
pool matter,  every  one  had  had,  or  then  had,  more  or  less  diarrhoea,  and 
that  to  avoid  its  excessive  filthiness  the  whole  of  the  inhabitants  of  that 
row  were  compelled  to  drink  and  use  for  domestic  purposes  the  water 
which  ran  down  the  kennel.    These  are  the  more  marked  instances,  but 
the  cases  where  foul  water  led  to  the  development  of  cholera  were  so 
numerous,  that  all  the  visitors  under  my  supermtcndence  umted  in  their 
testimony  as  to  the  influence  of  such  water  in  the  development  of  the 
disease     I  have  traced  in  many  instances  the  unsuspected  cause  of  the 
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development  of  cholera  in  the  state  of  the  drinking-water.  When  it  is  Drm.^ 
recollected  that  the  water  of  the  poor  is  nearly  always  exposed  to  the 
noxious  o-ase^  and  agencies  which  arise  from  privies,  and  the  slow  de- 
composition of  the  refuse  in  their  yards,  and  also  from  those  in  their 
close  offensive,  and  impure  dwellings,  it  will  at  once  be  understood  that 
such 'water  produced  much  and  severe  diarrhoea  during  the  period  of 

cholera.  .  .  i    ,  i  r 

Is  it  within  your  observation  that  a  considerable  waste  of  water 
results  from  the 'present  system  of  distribution? — Yes,  a  very  great 
waste;  for,  as  a  general  observation,  a  small  proportion  of  the  water  is 
cauo-ht  by  the  receptacles  used  in  the  houses  of  the  poor,  and  of  course 
the  rest  runs  away  during  the  whole  period  for  which  the  water  is  let 
on.  I  should  estimate  the  general  waste  among  the  dwelHngs  where 
one  stand-pipe  supplies  two  or  three  houses  at  many  thousands  per 
cent.  Where  one  stand-pipe  supplies  a  whole  court  much  less  runs  to 
waste  ;  still,  in  no  instance  such  as  these,  that  I  am  aware  of,  can  the 
waste  be  calculated  at  less  than  three-fifths  of  the  supply.  It  seldom 
happens  that  there  is  any  stop-cock  to  the  stand-pipe,  and  as  it  is 
nobody's  business  to  prevent  the  waste,  and  as  the  poor  are  sure  that 
in  a  short  time  the  run  will  cease,  they  take  no  heed,  and  permit  the 
waste-water  too  often  to  saturate  their  yards,  and  become  a  source  of 
disease.  If  the  water  were  on  the  system  of  a  constant  supply,  they 
would  be  compelled,  for  their  own  comfort  to  check  the  flow  of  water. 


Robert  Bowie,  Esq.^  Surgeon,  examined. 

1.  You  are  a  surgeon  I  believe  ? — Yes.  Mr.  Bowie. 

2.  And  'lave  attended  especially  to  tlie  consideration  of  asylums  for 
affording  nightly  shelter  to  the  houseless  poor,  to  baths,  washhouses, 
and  model  lodging-houses,  and  to  other  appliances  for  the  improve- 
ment of  the  sanitary  condition  of  the  labouring  population  of  the 
metropolis  ? — I  have. 

3.  You  have  also  acted  in  aid  of  the  General  Board  of  Health  ? — Yes. 

4.  Were  you  not  directed  to  make  special  inquiries  on  the  part  of  the 
Metropolitan  Sanitary  Commission  as  to  the  supply  of  water  in  the  city 
of  London?  Will  you  explain  in  what  state  you  found  it? — In 
general  very  scanty,  and  sometimes  altogether  wanting.  The  water 
often  thick,  muddy,  discoloured,  putrid,  and  unfit  for  drinking  or 
culinary  purposes.  I  would  instance  as**proofs  of  this  statement,  out 
of  a  host  of  others,  the  houses  in  Fireball-court,  Three  Pigeon- 
court,  Cock-and'Hoop-court,  Seven-Step-alley,  Houndsdilch  ;  Crown- 
court,  Seething-lane  ;  Barking-churchyard;  Rose-lane,  Tower-street ; 
Pewterers' -buildings,  Cannon-street ;  Printing-house-square,  Coleman- 
street;  Saddler's-place,  London-wall ;  Ivy-lane,  Newgate-street ;  Mac's- 
place,  Greystoke  place.  Fetter-lane:  all  in  the  city,  where  the  inhabitants 
thus  express  themselves,  that  "  The  time  the  water  was  on  was  too 
short,  the  fatigue  of  carrying  it  up  stairs  very  oppressive,  and  much 
time  lost  in  procuring  it."  "  There  was  no  water  laid  on."  "  Water 
was  got  where  they  could,  by  begging,  borrowing,  and  from  the  neigh- 
bouring pumps."  "  They  have  been  Avithout  water  for  eight  years, 
and  often  more  in  need  of  it  than  victuals."    "  They  have  been  without 
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Mr. Bowie.  Water  for  nine  years."  "  The  water  is  clipped  with  pails,  and  is  often 
very  dirty."  "  The  water,  instead  of  being  clear  and  fit  to  drink, 
often  looks  quite  yellow."  "  The  water  in  the  cistern  1s  only  fit  to 
rinse  a  pail  or  cleanse  the  privy,  as  every  impurity  gets  into  it.  It 
has  even  been  used  for  drowning  kittens.  Two  open  tubs  stand 
behind  the  door  of  the  kitchen  as  water-butts,  and  have  only  been 
cleansed  out  once  in  the  nine  years."  "  The  water  (supplied  from  a 
pump)  is  shockingly  bad,  tasting  as  if  they  were  drinking-  something 
putrified,  and  often  containing  live  worms  more  than  an  inch  long, 
supposed  to  be  from  the  burying-ground  at  the  back  of  the  house." 
In  addition  to  this,  a  gully-hole  is  in  close  connexion  with  the  pump 
by  which  foul  water  may  find  its  way  into  the  well.  There  is  an  evil 
of  considerable  magnitude  likely  to  result  from  the  practice  of  having 
public  pumps  or  sland-cocks  to  supply  a  neighbourhood  with  water. 
It  is  that,  as  children  and  females  have  to  go  and  wait  their  turn, 
they  may  come  in  contact  with  persons  of  the  worst  character,  hear 
very  bad  language,  have  their  sense  of  delicacy  impaired,  and  at  last 
become  regardless  of  decency. 

5.  Have  you  observed  any  effect  which  you  think  was  due  to  the 
position  of  cisterns  and  butts  in  houses  ? — Yes,  in  badly  ventilated 
cellars,  for  instance,  where  water  was  kept  near  the  privy  or  cesspool, 
I  found  that  the  water  had  become  very  unpleasant. 

I  am  of  opinion  that  the  common  practice  of  placing  water-cisterns 
immediately  above  water-closets  (unless  for  the  sole  use  of  these 
closets)  is  not  only  injudicious  but  abominable,  seeing  that  the  pipe 
conveying  the  water  must  often  be  charged  with  most  offensive  gases, 
which  in  passing  through  the  water  in  the  cistern  are  likely  to  com- 
municate a  portion  of  their  odour. 

In  consequence  of  my  attention  having  been  drawn  to  this  point,  I 
caused  the  valve  mentioned  in  my  evidence  before  the  Sanitary  Com- 
mission to  be  made  fast  in  the  cistern  of  the  Eastern  Asylum,  instead 
of  allowing  the  water  to  flow  into  the  closet,  until  a  separate  vessel  has 
been  provided.  It  was  the  sound  of  the  air  rushing  into  the  cistern 
when  the  valve  was  raised  that  first  excited  my  suspicions. 

6.  How  did  you  find  water  in  rooms  where  they  were  crowded.?— 
Generally  very  impure  and  offensive. 

7.  Then,  according  to  your  experience,  water,  which  when  procured 
from  its  source  was  good,  became  bad  before  it  was  consumed?— 
Certainly  :  I  have  seen  it  with  a  film  of  dust  upon  its  surface,  and 
smelling  shockingly,  when  It  had  been  kept  in  the  house  for  some 
time  in  pails,  tubs,  pans,  jars,  and  pitchers  ;— vessels  themselves 
scarcely  ever  sufficiently  cleansed,  owing  to  the  difficulty  and  labour  of 
procuring  a  proper  supply  of  w  ater. 

8.  Have  you  had  experience  of  a  population  using  soft  water? — 
Yes,  in  several  parts  of  Scotland. 

9.  What  is  its  advantage  in  culinary  purposes  ?— I  have  frequently 
heard  persons  who  liad  been  accustomed  to  use  soft  water  remark 
that  hard  water  was  not  so  well  adapted  for  making  tea  or  cooknig 

vegetables.  i.    j  o  ir 

10.  Is  not  the  New  River  supply  complained  of  as  hard.-'— Very 
often,  and  with  great  justice.  It  curdles  soap  quite  as  much  as  it 
dissolves  it. 
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11.  What  is  the  difference  of  the  water  in  making-  tea? — Soft  water  Mr.  Bowie, 
o-ives  a  much  stronger  extract :  where  the  water  is  very  hard  a  greater 
quantity  of  tea  is  required.    People  often  think  the  tea  itself  is  not 

strono-  ;  and  I  have  seen  some  ladies  put  a  lump  of  sugar  into  the  tea- 
pot, and  others  a  little  soda,  for  the  sake  of  extracting  the  strength  of 
the'tea,  where  the  water  was  hard. 

12.  If  the  water  were  agreeable  in  quality,  and  so  distributed  as  to 
he  re"-ularly  supplied  and  easily  attainable,  do  you  not  think  that  a 
laro-e "portion  of  the  labouring  classes  would  prefer  drinking  water  to 
o-iif  or  beer  ?— I  am  certain  of  it,  for  I  have  often  heard  persons 
declare  that  they  were  so  distressed  for  water  as  to  be  obliged  to 
resort  to  beer  or  spirits. 

In  Merthyr  Tydfil,  Pen  y  darran,  and  Dowlais,  in  South  Wales,  the 
scantiness  and  badness  of  the  water  were  again  and  again  assigned  to 
me  as  the  chief  causes  of  the  excessive  drunkenness  so  general  in 
these  places. 

13.  Do  you  believe  that  if  soft  water  could  be  procured  it  would  be 
much  better  for  bathing  purposes  also  ?— There  cannot  be  a  doubt  of 
it:  hard  water,  as  I  have  already  said,  curdles  soap,  and  renders  it 
to  a  certain  extent  unserviceable.  I  consider  that  pure  soft  water,  while 
it  would  be  more  agreeable  to  the  skin,  would  be  more  effective 
without  soap  than  hard  water  with  it. 

14.  Will  you  compare  the  water  used  in  the  baths  at  the  east  end  of 
L(mdon  with  the  Artesian  well  water  at  St.  Martin's  baths  ?— The 
following  extract  from  Mr.  Lewis  Thompson's  Report  on  the  water 
used  at  Goulston-square  will  perhaps  suffice.  "  Ttie  specific  gravity 
of  the  water  of  East  London  is  1'004.  It  is  turbid,  and  contains  a 
yellow  tinge,  even  after  filtration.  When  heated  highly,  atmospheric 
air  and  carbonic  acid  gas  are  disengaged  from  it,  and,  by  boiling,  a 
precipitate  is  produced.  An  imperial  gallon  contains  the  following 
solid  ingredients:  Carbonate  of  lime,  18  "55  ;  sulphate  of  lime,  5'25  ; 
muriate  of  lime,  7'85  ;  organic  matter,  4*20  ;  with  distinct  traces  of 
common  salt,  sulphate  of  soda,  and  oxide  of  iron.  The  water  is  very 
bad  after  heavy  rains. 

15.  Do  you  find  that  hard  water  has  an  effect  upon  the  pipes  in  which 
it  is  conveyed? — It  has;  at  Goulston-square  baths  the  pipes  became 
so  encrusted,  that  sometimes  only  four  or  six  baths  were  available  for 
the  whole  establishment.  This  was  owing,  however,  in  some  degree, 
to  the  high  temperature  necessary  to  force  the  hot  water  from  the  boilers 
into  the  baths,  and  the  defective  state  of  parts  of  the  new  machinery  j 
for  at  Glasshouse-yard  free  baths  and  washhouse,  using  the  same  kind 
of  water,  no  such  accident  has  ever  happened.  The  water  supply  to 
both  establishments  is  from  the  East  London  Water  Company.  I  saw 
a  very  large  pipe  at  the  City  Club,  Broad-street,  completely  blocked  up 
with  similar  incrustations.  It  had  been  used  for  circulating  water  at  a 
very  high  temperature  for  warming  the  building.  The  supply  was 
from  the  New  River. 

16.  The  water  at  the  East  End  is  delivered  unfiltered,  is  it  not? — 
Yes;  and  after  rain  is  very  much  discoloured,  thick,  muddy,  and 
contains  a  good  deal  of  vegetable  fibre  and  other  organic  matters. 
The  first  year  of  the  potato  disease  I  imagined,  as  did  others  to  whom 
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Mr.  Bowie.  I  mentioned  the  circumstance,  that  the  water  both  from  liie  New  River 
and  the  East  London  Works  had  the  peculiar  smell  belonging  to  that 
affection,  especially  after  heavy  rains  or  land-Hoods, 

The  following  statement  was  made  to  me  by  a  respectable  individual 
well  acquainted  with  the  locality  : — 

The  water  from  the  Thames  passes  up  the  river  Lea  at  the  top  of 
sprinp:  tides,  rises  above  the  level  of  the  reservoirs  or  tanks  of  the 
East  London  Water-works,  at  times  filling  them.  The  water  of  the 
Lea,  near  Bow,  is  exceedingly  foul.  Numerous  dye-works,  breweries, 
distilleries,  chemical  works,  foul  black  marsh  ditches,  full  of  everything 
horrible,  and  common  sewers  of  lari>e  diameter,  empty  themselves  there. 
There  is  also  at  times  a  supply  of  highly  offensive  and  deleterious 
matters  carried  into  it  from  the  chemical  and  copper  works  on  Bow 
Common,  a  place  famed  tor  its  intolerable  stench,  and  never  visited  but 
on  business  or  from  necessity. 

I  have  satisfied  myself  that  this  is  no  overdrawn  picture,  and  lament 
lhat  fellow-beings  in  this  age  of  civilisation  should  be  so  dirty  in  their 
tastes  and  habits  as  to  remain  contented  v\iih  water  so  contaminated, 
when,  by  proper  filtration,  the  evil  might  be  greatly  lessened. 

At  the  East  End  of  London,  in  addition  to  the  impurity  of  the  water, 
the  supply  is  far  too  scanty,  and  in  innumerable  instances  wanting 
altogether.  In  corroboration  of  this  I  offer  a  few  extracts  from  evidence 
in  my  possession  : — 

Sun-court,  East  Smithfield. — "To  supply  about  a  dozen  houses 
the  water  is  on  for  half  an  hour  daily."  "Sometimes  not  at  all."  "Not 
half  enough  for  the  people  in  the  court."  "  The  family,  seven  in  num- 
ber, use  5  or  6  pails  daily  (10  or  12  gallons)  when  it  can  be  got."  "If 
20  gallons  were  used  it  would  be  better,  as  there  is  only  one  privy  in 
the  court,  and  it  is  so  dirly  no  one  can  go  into  it."  "The  water  is 
.seldom  clear,  sometimes  very  muddy," 

Cooper's-kow,  East  Smithfield, contains  about  eleven  houses;  five 
of  which  are  supplied  with  water  from  a  stand-cock,  and  four  have 
no  right  lo  water  at  all.  As  might  have  been  expected,  in  the  latter 
houses  the  occupants  are  miserably  dirty,  wretched,  loathsome,  and 
generally  depraved. 

Cooper's-court,  Blue-Anchor-yard,  contains  fourteen  houses,  all 
densely  inhabited.  In  this  court  cholera  prevailed  to  a  most  alarming 
extent.  The  water  is  only  on  for  an  hour  daily.  The  tap  is  not  an 
inch,  it  is  only  about  half  an  inch,  in  diameter,  being  what  is  termed 
throttled  near  its  orifice,  presenting,  therefore,  a  most  deceptive  appear- 
ance to  a  superficial  or  mere  outside  examiner.  Averaging  the  popu- 
lation of  this  court  to  be  3  to  each  room,  as  there  are  3  rooms  in  each 
house,  the  total  will  be  246,  supplied  from  a  ^-inch  tap,  for  an  hour,  or 
say  two  hours,  daily,  not  including  Sunday,  the  water  running  a  part 
of  the  time  so  slowly  as  to  take  a  quarter  of  an  hour  to  fill  a  two- 
gallon  pail.  But,  besides  the  inmates  of  these  houses,  there  are  nume- 
rous applicants  from  Blue-Anclior-yard,  who,  like  those  of  Cooper's- 
row,  have  to  "  beg  or  borrow." 

All  of  those  whom  I  saw  or  conversed  with  there  complained 

bitterly  of  the  want  of  water. 

I  may  say,  without  fear  of  contradiction,  that  from  Rosemary-lane, 
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and  its  continuation  eastward,  Cable-street,  to  East  Smithfield  and  Mr.  Bowie. 
RatclitFe-hin-hway,  on  the  south  the  supply  of  water  is  exceedingly 
defective,  and  the  water  itself  very  often  impure. 

17.  Does  it  come  within  your  observation  that  in  a  period  of  epi- 
demics the  quality  of  the  water  increases  the  danger  of  its  use  if 

p  J)uring  the  raging  of  the  cholera  I  met  with  many  cases  where 

it  was  asserted  that  the  badness  of  the  water  was  the  cause  of  the 
attack;  and  I  have  no  doubt  that  it  greatly  tended  to  increase  the 
liability  to  disease. 

It  is  well  known  that  cholera  raged  with  frightful  and  destructive 
violence  in  Merthyr  Tydfil,  Pen  y  darran,  Dowlais,  and  other  mining 
towns  and  villages  in  South  Wales  ;  and  in  all  of  these  places  I  heard  the 
opinion  expressed  by  many  of  the  population  that  it  was  something  in 
the  water.  The  supply  was  wretchedly  defective,  and  the  water  very 
impure.  I  may  also  refer  to  my  report  on  Bermondsey  ;  where,  speak- 
ing of  Jacob's  Island,  I  mention  that,  "  in  this  island  may  be  seen 
at  any  time  of  the  day,  women  dipping  water  with  pails,  attached  by 
ropes  to  the  backs  of  houses,  from  a  foul  fojtid  ditch,  its  banks  coated 
with  a  compound  of  mud  and  filth,  and  strewed  with  offal  and  carrion, 
the  water  to  be  used  for  every  purpose,  culinary  ones  not  excepted ; 
although  close  to  the  place  whence  it  is  drawn,  filth  and  refuse  of 
various  kinds  are  plentitiilly  showered  into  it,  from  the  wooden  conve- 
niences of  the  wooden  houses  overhanging  its  current,  or  rather  slow 
and  sluggish  stream ;  their  posts  or  supporters  rotten,  decayed,  and,  in 
many  instances,  broken ;  and  so  little  regard  is  paid  to  decency  that 
women  maybe  seen  entering  and  leaving  these  projecting  conveniences, 
and  the  filth  dropping  into  the  water,  by  any  passer  by.  I  was  also 
informed,  that  during  summer,  crowds  of  boys  are  to  be  seen  bathing 
in  the  putrid  ditches,  where  they  must  come  in  contact  with  abomi- 
nations highly  injurious. 

18.  Was  much  of  this  supply  obtained  from  the  ditches  in  the  neigh- 
bourhood?— Yes;  some  water  was  obtained  from  the  Vauxhall 
Company's  supply,  but  it  was  very  limited :  most  of  the  houses  were 
supplied  from  these  ditches  and  mill-streams. 

19.  You  say  this  bad  water  was  from  the  ditches,  not  from  the 
Company's  supply  ? — Yes. 

20.  It  is  stated  in  evidence,  both  by  the  Engineer  of  the  Vauxhall 
Company,  and  corroborated  by  their  evidence,  that  about  190  or  200 
gallons  of  water  are  pumped  into  this  district  per  diem  for  each  house 
which  has  a  supply,  and  that  about  two-thirds  or  three-fourths  of  that 
quantity  overflow  from  the  butts  and  are  wasted,  and  that  in  this 
particular  district  there  is  an  amount  of  annual  waste  of  water  which 
equals,  if  it  do  not  exceed,  the  whole  quantity  of  annual  rainfall  in 
that  district?— I  have  no  doubt  of  it. 

21.  What  is  the  average  siiie  of  butts  in  that  district? — About  60 
gallons  on  an  average. 

22.  Then  you  do  not  believe  that  poor  persons  use  20  gallons  a- 

"°*'  ^^^y  "^^  ^  gallons  oftentimes  for  a 

Whole  family,  and  frequently  much  less.  If,  however,  they  had  it 
pienutully  supplied  them,  without  the  trouble  of  carrying  it  up  stairs, 
they  would  certainly  use  much  more.  Now  they  are  so  careful  of  the 
water,  that  it  is  often  used  first  to  wash  one  kind  of  clothes,  afterwards 
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another;  and  even  then  used  a  third  lime  for  some  otl,er purpose  untfl 

odour  t<.  the  ch,thes  .nd  persons  of  the  inhabitants,  rendering  them 
exceednigly  disao-reeahle.  ° 

23.  Is  there  not  here  a  great  wasle  of  human  labour,  considering  ihat 

H  Zlll  T  'fr'"'-'  London  companies,  in  evi- 

dence  belore  the  Health  of  Towns  Commission,  that  80  0  )0  Jdlons  of 
wa  er  may  hfted  by  a  Cornish  enpine  100  feet  higliat  Jhecast  of  one 
sh.Um-?—Yes;  and  it  is  likely  to  deteriorate  materially  the  health  of 
the  popiilation.  As  water  might  at  very  little  expense  be  laid  on  in 
every  a.iding-place,  it  ought  to  be  done  ;  for  in  poor  neighbourhoods 
distinct  families  generally  live  on  every  floor.  Now  thev  often  have  to 
go  down  to  the  very  cellar,  or  to  a  little  back  yard  close'to  the  privy,  if 
they  are  fortunate  enough  to  have  the  water  supplied  on  the 
premises.  ^ ' 

24  With  reference  to  Jacob's  Island  and  the  district  in  Bermondsey 
which  was  ravaged  by  cholera,  it  is  stated  in  evidence  that,  within  4 
months  from  the  time  when  the  works  might  be  commenced,  all  the 
cesspools  might  be  abolished ;  that  soil-pan  apparatus  might  be  laid 
down  ;  that  a  system  of  complete  house-drainage  might  be  ^tablished  • 
that  permeable  drainage  might  be  laid  down,  which  would  carry  away 
ad  the  damp :  and  that  all  this  might  be  done  at  a  permanent  charge, 
exclusive  of  the  cost  of  water,  of  not  exceeding  2d.  per  vreek  per  house. 
Supposing  that  were  practicable  and  could  be  done  in  6  months,  what 
IS  your  opinion  with  regard  to  any  impending  epidemic?— It  would  have 
a  most  happy  effect,  and  produce  a  great  result  towards  diminishing 
the  violence  of  such  an  epidemic,  or  preventing  its  visit  altogether! 
Wherever  I  have  visited  I  have  found  that  the  attacks  of  epidemics  are 
most  infrequent  where  the  most  attention  is  paid  to  drainage,  and 
where  drainage  has  been  most  neglected  the  attacks  are  most" malig- 
nant. The  greatest  blessings  London  could  receive  would  be  a  good 
supply  of  water,  proper  sewerage,  the  removal  of  cesspools,  and  better 
ventilated  dwellings, 

25.  Since  your  last  examination  before  the  Commissioners,  have  you 
considered  the  possibility  of  pointing  out  the  track  of  the  occurrence 
of  cholera? — I  think  I  could  map  out  the  track  it  would  follow  if  the 
cholera  should  revisit  us,  as  I  fully  believe  it  will;  and  Bermondsey 
would  certainly  be  included  in  that  map,  together  with  Goulston-street, 
Church-lane,  Bethnal-green,  Rosemary-lane,  Spitalfields,  Wapping, 
Lambeth,  and  along  the  banks  of  the  Thames,  even  in  the  City. 

26.  From  what  you  know  of  the  tenants  of  such  property  do  you 
concur  in  the  opinion  that  new  charges  or  large  demands  for  outlay, 
either  upon  the  owner  or  occupier,  would  be  nugatory? — Wholly  so. 

27.  And  you  concur  in  the  opinion  that  the  object  desired  would  be 
maintained  by  distributive  charges,  such  as  a  charge  of  26?.  per  week 
per  house? — I  think  it  would. 

28.  You  therefore  are  of  opinion  that  all  means  of  economy,  by  a 
combination  of  work  and  a  distribution  of  charges,  will  be  essential  to 
the  prevention  of  such  disease  — Certainly  so. 

'29.  Is  it  true  that  captains  of  vessels  take  out  Thames  water  in  pre- 
ference to  all  other  waters  ? — A  few  years  ago  such  was  almost  the  univer- 
sal practice,  but  of  late  the  belief  in  its  superiority  is  considerably  shaken, 
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some  j^ivini?  the  preference  to  the  Sliavvs  water,  Greenock ;  others  to  Mr.Bovvie. 
that  from  St.  Helena,  and  others  again  believing  that  the  water  of  the 
Gano-es  is  quite  as  good  as  that  of  the  Thames. 

Those  who  still  prefer  the  Thames  water  say  that,  although  it  at 
first  becomes  very  bad,  after  all  the  bad  gases  are  thrown  off  it  be- 
comes as  it  were  aerated  by  the  marine  atmosphere  and  again  becomes 
very  clear.  This  it  is  not  so  likely  to  do  if  kept  in  close  towns  and 
surrounded  with  impurities. 

30.  Will  you  ascertain  from  any  captains  why  it  is  they  prefer  the 
Thames  water  to  any  other,  and  in  what  they  think  its  particular  ad- 
vantages consist  compared  with  tlie  water  of  the  Tagus  or  other  river- 
water  ?— I  shall  endeavour  to  do  so.  Meantime  I  may  mention  that  I 
have  heard  them  say  who  prefer  it  that  "  it  will  keep  good  in  climates 
where  none  else  will  keep." 

31.  Do  the  ships  of  the  Royal  Navy  take  their  water  from  the  Thames  ? 
—Water  is  supplied  to  the  shipping  in  the  Thames  chiefly  from  the  river 
itself.  For  large  ships  going  long  voyages  or  carrying  passengers,  it  is 
generally  filtered,  or  professed  to  be  so,  and  sent  on  board  in  barges  ;*" 
but  for  the  smaller-class  vessels  no  such  precaution  is  taken  ;  and  while 
they  are  lying  in  the  river  it  is  dipped  with  pails  and  used  for  every 
purpose.  Indeed,  alongside  the  river,  houses  have  no  other  water. 
This  is  surely  a  weighty  reason  for  endeavouring  to  keep  the  river  from 
pollution.  The  amount  of  disease  occurring  on  board  the  shipping,  and 
in  the  houses  in  the  vicinity  of  the  Thames,  affords  ample  proof  of  the 
necessity  of  sanitary  improvement.  In  an  impure  atrnos|)here  good 
health  is  not  to  be  expected  :  on  the  Thames,  or  in  its  vicinity,  as  it 
runs  through  the  metropolis,  a  pure  atmosphere  is  not  to  be  found. 
Having  on  a  former  occasion  expressed  my  opinion  of  the  danger  of 
making  the  .iver  a  common  sewer,  I  shall  merely  add  the  following 
particulars  concerning  the  use  of  Thames  water  in<*the  Tower: 
"  Beginning  at  the  Seven-gun  Battery,  at  the  eastern  gate,  the  water 
was  very  thick  and  discoloured,  and  actually  alive.  The  water  from 
a  pump  at  the  Spur  Barrack  stank  so  much  that  a  horse  or  pig 
would  scarcely  have  drunk  it."  "  All  the  tanks,  with  the  exception  of 
one,  were  in  a  very  bad  state,  and  even  in  that  one,  which  had  a  char- 
coal filter,  animalculse  were  perceptible."  "  Generally  after  having  been 
pumped  in  two  days  it  resenibled  milk  and  water,  and  could  not  be 
seen  tlirough."  In  this  slate  however  it  was  used  for  ordinary  purposes. 

"  The  medical  officer  of  the  garrison  recommended  that  spring- 
water  from  the  Tower  ditch  should  be  used  for  drinking  and  culinary 
purposes,  but  the  aged  and  the  feeble  would  not  take  that  trouble." 

"The  water  supplied  to  the  Tower  was  pumped  from  the  Thames 
at  a  certain  point  within  200  yards  of  a  sewer,  the  contents  of  which 
were  all  the  blood  and  refuse  from  the  butchers'  shops  and  slaughter- 
houses in  Whitechapel."  "  The  soldiers  and  all  the  inhabitants  of 
the  Tower  complained  of  the  water,  and  attributed  a  great  deal  of  the 
disease  to  the  bad  water."  "  A  regiment  that  came  from  Chichester  had 
eighteen  on  the  sick-list  three  days  after  their  arrival."    The  sickness 

*  It  is  not  very  unusual  for  a  barge  to  outside  of  tbe  dock  after  having  dis- 
charged the  whole  or  a  great  portion  of  her  load  of  water,  and,  by  the  withdrawal  of  a 
plug  or  two,  soon  re-enter,  reladen  ;  the  water  having  been  thus  stealthily  admitted 
witliout  any  filtration  whatever. 


Putrefaction  of  Thames  Water. 
Mr._Bowie/  OM  ^  iluU  occasion  was  likewise  attributed  to  the  impurity  of  the 

"  The  cases  of  cholera  in  the  Tower  were  considered  more  malio  nant 
and  rapid  than  in    the  worst  parts  of  the  Metropolitan  Ea'Liern 

In  c.mpliance  with  the  instructions  contained  in  the  30th  question 
1  have  obtanied  the  opinions  of  several  sea-captains  concernin.--  the 
properties  of  waters  of  various  rivers  or  water  supplies  used  foHonjr 
voyages.  ° 

Captain  Coubrouoh,  who  has  made  many  voyages  to  India,  the 
west  Indies,  and  other  distant  places,  says  "  that  the  '1  hames  water  is 
generally  considered  the  best  for  taking  to  sea,  because,  although  it 
soon  gets  bad,  it  speedily  recovers,  even  when  kept  in  casks,  especially 
by  takmg  the  bungs  out  and  allowing  the  gases  to  escape.  Putting  it 
into  iron  tanks  is  another  means  used  for  sweetening'  it.  In  one  of 
his  ships  there  was  an  open  pipe  passed  from  the  tank  through  the 
deck,  allowing  the  escape  of  gas  and  the  admission  of  air,  hy^which 
the  water  was  always  kept  sweet.  The  Shaws  water,  Greenock, 
keeps  longer  than  that  of  the  Thames ;  indeed,  with  proper  care  there 
IS  very  liitle  risk  of  its  becoming  putrid  at  all.  A  handful  of  lime  was 
put  into  each  cask  at  the  time  of  filling,  and  the  water  kept  good  all  the 
way  to  Port.  Phillip,  a  5  months'  voyage.  For  his  own  part,  he  does  not 
think  the  Thames  water  superior  to  that  of  many  other  rivers." 

Captain  Potter  gave  the  same  account  of  the  water  of  the  Thames, 
Shaws,  and  Ganges,  and  thinks  the  St.  Helena  water  of  still  greater 
purity. 

Both  Captains  Coubrough  and  Potter  stated  that  rain-water  caught 
at  sea  from  the  ship's  decks,  sails,  or  awnings,  however  clean  they  may 
be,  if  put  into  a  cask  and  bunged  up,  will  become  putrid  in  a  few 
days,  when,  if.  the  bung  be  withdrawn,  the  water  will  be  full  of  vermin 
and  files,  and  the  latter  will  fly  out  of  the  bunghole  in  myriads.  This 
water,  if  put  into  iron  tanks,  will  soon  get  sweet  again.  In  warm 
weather,  it  tliere  be  any  datnp  in  any  part  of  the  ship,  she  will  soon  fill 
with  flies  and  musquitoes  even  at  sea.  A  damp  cabin  in  a  southern 
latitude  is  always  full  of  them  ;  in  a  dry  one  they  are  seldom  seen. 
Captain  Potter  mentioned  that  scurvy  is  much  more  common  in 
Bombay  than  Calcutta  ships,  although  they  are  equally  well  found,  and 
the  voyage  shorter  to  St.  Helena.  He  has  even  known  lady  passengers 
so  affected.  This  is  no  doubt  owing  to  the  badness  of  the  water, 
it  being  all  brackish  when  taken  on  board  at  Bombay. 

An  eminent  shipowner  and  merchant  told  me  that  the  Thames 
water  was  considered  the  best  for  taking  to  sea,  as  it  soon  purified 
itself;  that  when  it  became  putrid  it  was  very  bad,  and  that  the  gas 
escaping  from  the  bunghole  could  be  ignited  with  a  candle.  He  also 
stated  that  the  process  of  putrefying  and  becoming  sweet  again,  took 
place  several  times  during  the  voyage.  Since  iron  tanks  were  intro- 
duced he  hears  no  cornjilaints  of  the  water,  which  is  said  always  to  be 
very  good. 

Captains  Coubrough  and  Potter  said  that  the  preceding  statement  is 
quite  correct  as  to  what  takes  place  with  respect  to  the  repeated  changes 
in  the  water,  and  as  to  the  gas  being  inflammable. 

Captain  Brown,  slated  that  the  Thames  water,  or  indeed  any  water 
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generally  taken  to  sea,  maybe  sweetened  when  becoming  putrid  by 
exposing  it  to  the  ^'^'l  [";^/p%;;/GTor.e  »  states  that  the  description 
.iv?nt;th?;re"i^^^  quife 'cor.  ect,  and  adds,  the  water 

Icirthe  St  l  awrencf  at  Montreal  and  Quebec  so  exactly  resembles 
t  ^of  L  xhankthat  the  difference  could  not  be  ascertamed ;  and 
Z  It  like  the  Thames,  receives  the  impurities  of  the  towns. 

rania  ^Hartley,  of  he  "  John  Ormrod,"  says,  "  The  cluef  part  of 
the  wCer  supplied  to  the  shipping  at  Bombay  is  rain-water.    It  .s 
nrevTousTy  collected  in  stone  tanks  Hned  with  Roman  cement.  These 
E  are  called  buffalo  tanks.    The  water  in  them  is  brackish,  of  a 
^ilkv  white  colour,  and  covered  with  a  green  slime  like  what  is  seen  on 
Siesinthis  country.    The  use  of  this  water  gives  rise  to  and  m- 
c  ases  diarrhoea  and  dysentery.    Besides  the  buffalo  tanks  there  are 
two  ar..-e  reservoirs  or  tanks  capable  of  containing^!  20,000  gallons  in 
which  water  is  stored  in  case  of  drought.    At  Cronstadt  the  water 
is  dipped  out  of  the  river  in  the  same  way  as  from  the  Thames.  All 
the  tilth  from  the  town  runs  into  the  river.    The  water  is  not  half  so 
o-ood  as  that  of  the  Thames.    It  is  brackish,  and  causes  or  aggravates 
diarrhcea  and  dysentery.    Has  suffered  severely  himself  from  it  both 
in  Bombay  and  Cronstadt.    St.  Helena  water  and  that  of  Ascension 
the  finest  got  anywhere,  although  that  from  the  Cape  of  Good  Hope 
is  nearlv  as  good.    Beautiful  water  is  also  had  in  New  Holland  and 
Hobart  Town.    At  Whampoa  the  water,  as  taken  out  of  the  river,  is 
very  foul,  worse  than  that  of  the  Ganges.    Last  voyage  from  London 
the  water  was  pumped  direct  out  of  the  Thames." 

Captain  Skinner,  a  retired  shipmaster,  gives  the  preference  to  Thames 
water,  because  although  it  may  sometimes  be  bad  it  soon  gets  right 
an-ain.  He  says  the  water  at  Riga  is  very  bad.  It  is  of  a  reddish 
colour,  supposed  to  be  from  the  hemp,  fibres  of  which  are  abundant  in 
it  It  is  the  general  belief,  that  all  those  who  use  the  Riga  water, 
soon  fall  into  diarrhoea,  dysentery,  or  ague.  Suffered  very  severely 
himself  from  diarrhoea,  ending  in  dysentery,  and  has  no  doubt  U  was 
owing  to  the  water.  That  the  attack  was  a  severe  one,  I  can  testify, 
having  had  him  as  a  patient  here  afterwards,  and  almost  despaired  of 
his  recovery. 

Robert  Bowie. 

All  the  captains  I  have  spoken  to  on  the  subject  are  unanimous  in 
their  opinion,  that  exposing  putrid  water  to  the  air,  renders  it  sweet. 
If  this  be  the  case,  and  there  seems  no  doubt  of  it,  a  foul  river  must 
be  a  dangerous  neighbour. 


Mr.  Bowie. 


Letter  from  John  Liddle,  Esq. 
Dear  Sir,  4,  Alie  Place,  bth  January^  1850. 

There  are  several  courts  in  the  Whitechapel  \inion  which  are  Mr.Liddi*. 
without  a  supply  of  water.    In  all  there  is  a  deficient  supply.  The 
poor  inhabitants  are  for  the  most  part  supplied  with  water  from  a 
stand-tap,  the  water  from  which  flows  daily  for  a  short  time  (from 
one  hour  to  three  hours).     Some  of  the  houses  where  the  poor  reside 
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so  without  Ur  e„.!nro? xirLta  Sy  3:  :z^t\ 

of  labour  and  loss  of  time.  ^  "^'^^ 

In  Johnson's  charge,  where  more  cases  of  illness  have  occurrerl 
han  uj  any  other  locality  in  Whitechapel,  the  only  supply  of  Ta  er  for 
the  mhab.tanis  is  a  pump,  the  water  from  which  is  Sid  to  be  LfiJ 
a  neh  fl  «»^tain  their  supply  Tom 

a  neighbouring  court,  and  they  have  great  difficulty  in  pric^JinlT 
the  inhabitants  objecting  to  let  them  have  any.  ^      procuring  it, 

In  Cartwright-street  the  inhabitants  are  supplied  from  a  well  the 
^va  r  from  which  is  pumped  into  a  tank,  and  pipes  are  connected  nilh 

Plie      B         '^'^v''  ^'""^      ''''  neighbourhood  are  sup- 

plied But  the  machinery  is  sometimes  out  of  repair,  and  the  inhab  t- 
an  s  have  then  to  obtain  water  elsewhere.  In  some  instances  the  wat  r- 
butt  is  adjacent  to  the  privy. 

In  Hebrew- place  and  Love-court,  Middlesex-street,  the  tenants  of 
one  of  the  andlords  are  without  any  supply  of  water  except  tha  which 
they  may  obtam  from  a  pump.  Here  these  poor  people  say  that  he 
water  from  the  pump  is  so  bad  that  they  cannot  use  it.  and  tl  ev 
are  obliged  to  beg  it  from  their  neighbours.  In  this  case  the  landlord 
had  a  dispute  with  the  Water  Company,  in  consequence  of  their  ^ivimr 
bim  notice  to  raise  the  water-rate  during  the  rebuilding  of  some  of  the 
houses  ;  alleging  as  the  reason,  that  the  quantity  of  water  which  was 
required  for  the  mortar  for  the  building  of  houses  was  much  more  than 
was  needful  for  the  occupants.  The  landlord  resisted  their  demand 
and  the  water  was  cut  off.  ' 

In  the  month  of  August  last  a  complaint  was  made  by  a  partv 
residmg  in  the  eastern  extremity  of  Whitechapel,  to  the  trustees 
of  the  bad  state  of  the  water  which  was  delivered  into  their  premises' 
A  sample  of  the  water  was  shown  to  the  trustees;  it  was  most  foul  and 
foetid.  A  committee  of  the  trustees  was  appointed  to  make  inquiries 
into  the  case,  and  found  it  as  described.  The  Water  Company  was 
written  to,  and  new  pipes  were  laid  down.  Whether  the  company  made 
any  deduction  from  their  annual  charge  I  do  not  know. 

The  water  which  is  delivered  into  my  own  house  is  unfit  to  drink, 
unless  previously  filtered.  It  is  usually  turbid.  All  complaints  are 
of  course  useless.  The  only  reply  would  be  to  a  complaint,  "  If  you 
don't  like  it  we  will  cut  it  off."  ' 

Very  truly  yours, 
(Signed)      "    John  Liddle. 
P  S. — The  trustees  recently  passed  a  resolution  complaining  of  the 
bad  quality,  deficient  quantity,  and  extravagant  charge  for  wateriijo- 
the  parihh.  ° 

Alexander  Bain,  Esq. 

Assistant  Secretary,  General  Board  of  Health. 
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John  Challice^  Esq.,  Surgeon,  examined. 

You  are,  I  believe,  a  surgeon  ? — Yes.  Mr.  Chaiiice, 

Where  do  you  reside? — In  the  Grang-e-road,  Bermondsey;  I  am  — 
also  chairman  of  the  Bermondsey  Board  of  Guardians,  and  have  prac- 
tised in  Bermondsey  for  the  last  seven  years,  and  largely  among  all 
classes. 

You  were  of  course  called  into  active  service  during  the  cholera  ? — 
Yes,  very  much  so. 

Had  you  at  the  time  any  reason  to  believe  that  the  extensive  severity 
of  the  visitations  of  cholera  in  the  district  was  influenced  in  any  imme- 
diate degree  by  the  supplies  of  water? — Yes. 

Would  you  describe  to  the  Commissioners  the  facts  which  led  you  to 
that  conclusion  ? — The  first  fatal  case  of  cholera  that  I  met  with  was 
that  of  a  master  of  a  vessel  at  Gravesend.  He  was  a  fine  man  in  the 
prime  life,  and  in  perfect  health  when  he  left  London.  He  was  going 
to  the  Baltic ;  he  drank  rather  largely  overnight  parting  with  his  owners 
and  others,  and  he  got  up  in  the  morning  and  drank  heartily  from  one 
of  the  water-casks,  which  had  just  been  filled  with  Thames  Avater  ;  he 
was  soon  after  attacked  with  purging  and  vomiting.  I  went  down  post, 
and  found  him  just  dead.  I  asked  particulars,  and  I  found  that  the 
death  was  so  sudden,  that  it  almost  appeared  as  if  he  had  taken  poison 
in  the  water ;  subsequently  it  was  from  facts  that  came  almost  hourly 
under  notice  that  I  formed  the  opinion  of  the  direct  consequences  of 
taking  impure  water  in  producing  a  disordered  state  of  the  bowels,  and 
those  who  had  such  a  state  of  the  bowels  were  pre-eminently  in  a  con- 
dition to  become  victims  to  the  disease. 

Of  course  daring  an  epidemic,  when  the  general  health  is  depressed, 
causes  which  have  generally  no  perceptible  effect  materially  affect 
population.  Did  you  perceive  these  causes  in  action  at  the  time  you 
mention  peculiarly  ? — Yes,  undoubtedly  ;  there  was  the  case  of  a 
man  who  lived  in  the  Cobur^-road,  in  Camberwell  parish,  in  a  semi- 
detached house,  in  a  healthy  situation,  and  with  a  garden  behind  the 
premises ;  his  wife  had  noticed  that  the  water  supplied  to  them  was 
exceedingly  bad,  and,  having  been  informed  that  it  was  likely  to  affect 
the  health  of  her  family,  she  invariably  boiled  and  filtered  it :  all  kept 
in  perfect  health  except  the  father,  who  objected  to  drink  this  water, 
from  its  being  flat  and  unaerated  ;  he  would  still  drink  it  as  it  came 
from  the  water-butt,  and  the  consequence  was  that  he  was  attacked  with 
cholera-diarrhoea;  he  afterwards  drank  no  more  of  it,  and  got  well. 

Then  you  consider  this  to  be  a  fair  example  of  the  effects  of  usin"- 
such  water  at  such  a  time  ? — Yes ;  and  I  found  that  wh'ere  deep-sprin° 
water  alone  was  used,  where  such  water  was  free  from  the  effect  of  per- 
colation from  the  drainage,  persons  escaped  the  cholera  altogether. 

Do  you  know  what  company  supplied  this  water  ?~Either  the  Lam- 
beth or  Vauxhall. 

I  believe  the  one  company  filters  the  water,  while  the  other  does  not, 
except  by  its  subsidence  ?— I  believe  so  ;  the  water  I  speak  of  as  it  came 
in  was  hlled  with  animalcule  before  it  was  let  into  the  tank. 

Are  not  the  water-butts  and  other  receptacles  often  placed  near  the 
privies?— Yes,  very  generally. 
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r.ciiaiiice.  WoiiM  not  that  alone  be  likely  to  contaminate  water  that  might  be 
pure  at  its  source  ?— Yes,  certainly  ;  but  here  it  came  in  with  animal- 
culse  in  it. 

But  you  think  that  the  plan  of  receiving  it  in  butts  is  bad? — Yes; 
the  purest  water  under  such  circumstances  would  soon  become  impure' 
and  a  source  of  disease.  ' 

Have  you  observed  the  state  of  these  water-butts  ? — Yes ;  very  fre- 
quently. 

Will  you  describe  their  appearance? — Generally  speaking  the  wood 
becomes  decomposed  and  covered  with  fungi ;  and,  indeed,  I  can  best 
describe  their  condition  by  terming  them  filthy.  The  poor  peo])le  will 
not  cleanse  them ;  and  if  you  look  to  their  cooking  utensils  you  will 
likewise  see  a  (|uantity  of  dirt  deposited. 

Do  you  think  that  the  deep-spring  waters  are  free  from  animal  im- 
pregnations ? — I  do ;  and,  if  used,  would  undoubtedly  very  materially 
diminish  the  extent  of  mortality  :  indeed,  I  entertain  a  very  strong  con- 
viction that  the  general  use  of  deep-spring  water  for  human  consump- 
tion would  be  of  the  greatest  public  benefit.  During  the  prevalence  of 
cholera,  I  repeat,  in  my  own  practice  and  experience  it  was  the  most 
powerful  preservative  against  the  epidemic. 

Do  you  not  think  there  would  be  this  further  ejQFect  from  the  supply 
of  a  purer  water,  that  it  would  encourage  a  more  extensive  habit  of 
drinking  it?— Yes;  the  stomach  is  nauseated  by  bad  water,  and,  being 
compelled  to  take  a  certain  quantity  of  fluid  daily,  if  the  water  does  not 
agree  with  people  they  must  take  some  other  drink,  such  as  beer,  &c. 

Does  not  that  form  the  excuse  with  many  of  the  labouring  classes? — 
They  could  not  do  without  other  stimulants,  if  the  water  supplied  in  the 
neighbourhood  is  bad  as  well  as  the  state  of  their  dwellings. 

Would  you  under  such  circumstances  actually  advise  them  to  take 
alcoholic  stimuli? — Undoubtedly  I  would. 

Has  the  quality  of  the  water  supplied  been  at  all  improved? — I  be- 
lieve it  has  been  much  improved  in  appearance  within  the  last  two  years. 
I  think  this  is  owing  to  an  improved  system  of  filtration. 

Will  you  describe  the  way  it  came  in  before  such  improvement? — I 
have  seen  it  come  in  looking  nearly  green,  and  smelling  very  bad  ;  before 
I  lived  at  Bermundsey  I  resided  at  this  end  of  London.  A  young  gen- 
tleman resided  with  me  as  pupil :  he  was  a  water-drinker,  and  had  be- 
come so  ill  immediately  after  drinking  the  Thames  water,  that  he  was 
obhged  to  leave  and  go  into  the  country.  Afterwards  he  came  back ; 
but  again  became  ill  when  he  began  again  to  take  the  same  water,  and 
he  has  always  since  been  obliged  to  take  a  little  brandy  in  the  water, 
though  he  disliked  it  very  much. 

Then  it  is  desirable,  and  indeed  important,  that  the  water  supply 
should  not  only  be  clear  and  well  aerated,  but  should  also  be  what  the 
French  call  "  appetissante  ?" — Yes,  certainly. 


Charles  Martin,  Esq.,  Surgeon,  examined. 

Mr.Martin.      1.  You  are,  I  believe,  a  surgeon,  residing  in  Bermondsey  ? — Yes,  I 
—      am,  and  surgeon  to  the  St.  James's  district. 

2.  Is  there  not  within  that  district  a  place  called  Jacob's  Island? — 
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Yes,  but  according  to  the  new  ecclesiastical  arrangements,  it  is  notin  St.  Mr.  Martin. 
James's  parish. 

3.  Was  not  that  district  very  severely  visited  by  cholera? — Very 

severely.  . 

4.  Can  you  give  any  idea  of  how  many  deaths  occurred  in  that  neigh- 
bourhood ? — Some  idea  of  the  severity  of  the  attack  may  be  formed, . 
when  I  state,  that  within  the  space  of  a  few  yards,  nine  persons  lay  dead 
at  one  period. 

5.  In  consequence  of  your  memorials  to  the  Sewers  Commission  and 
to  the  Board  of  Health,  did  you  obtain  assistance  for  that  district  ? — Yes, 
we  did  in  July  last. 

6.  Will  you  state  what  observations  you  made,  with  respect  to  the 
supply  of  water  therein,  and  what  effect  the  defective  supply  of  water 
had  upon  the  cholera? — I  think  in  the  greater  number  of  houses  there 
was  no  water  to  drink  but  that  from  the  tidal  ditches,  until  about  July. 
At  that  time  a  great  supply  of  water  was  laid  on.  It  had  been  getting 
worse  for  years  past;  the  water  in  the  ditches  becoming  in  some  parts 
absolutely  putrid,  green,  thick,  and  slimy.  I  know  some  clusters  of 
houses  where  they  had  only  such  water  to  drink,  and  I  know  that  out  of 
five  of  those  houses  the  inmates  of  four  were  affected  with  cholera.  In 
all  the  early  cases  of  cholera,  the  parties  were  found  to  have  been  supplied 
with  water  from  these  ditches.  One  case  was  that  of  a  man  from  Maid- 
stone, who  stayed  at  a  public-house  in  Mill-street  for  the  night,  on  his 
way  to  Liverpool  to  emigrate ;  he  arrived  on  the  Saturday,  and  on 
Monday  was  attacked  with  cholera ;  in  that  house  no  water  was  laid  on ; 
great  numbers  of  the  houses  in  the  neighbourhood  are  still  not  supplied 
with  water. 

7.  Can  you  state  whether  other  places  in  a  similar  position  with  respect 
to  filth,  but  where  they  had  a  better  supply  of  water,  were  so  virulently 
attacked  by  cholera? — In  the  road  they  had  a  good  quantity  of  water, 
but  it  was  bad  in  quality.  There  is  a  nest  of  houses  in  that  road,  the 
road  is  50  yards  wide,  and  the  inhabitants  of  all  these  houses  had 
cholera  one  after  the  other.  Yet  all  were  supplied  with  water  by  the 
Water  Company,  and  I  cannot  account  for  the  result.  Similar  effects 
were  seen  in  1832  in  the  same  street. 

8.  But  may  you  be  understood  to  state  that  the  greatest  intensity  of 
cholera  was  found  where  the  water  was  most  impure  ? — Yes,  most  cer- 
tainly. 

9.  Was  the  water  supplied  by  the  Company  Thames  water? — Yes,  it 
was  brought  from  Battersea. 

10.  Was  it  filtered  water? — It  cannot  well  be  so,  as  I  yesterday  saw 
some  of  the  water  in  West-street,  which  was  thick  and  offensive,  even  at 
this  time  of  year. 

11.  What  is  the  character  of  the  water  generally  given,  such  as  is 
provided  for  drinking  purposes  ? — It  is  sometimes  very  bad ;  it  cannot 
be  depended  on.  It  cannot  be  filtered,  for  I  have  had  brought  to  me 
fresh-water  shrimps  and  even  leeches  which  have  been  taken  from  it. 

12.  Is  the  water,  to  your  knowledge,  sometimes  in  such  a  condition  as 
to  discourage  the  use  of  water  by  the  labouring  classes  ?— I  know  that  in 
West-street,  only  yesterday  morning,  one  of  the  lodgers  would  not  take 
his  breakfast,  because  the  water  was  so  bad,  that  he  could  not  drink  it. 

13.  What  have  you  heard  with  respect  to  the  quality  of  the  water?— 
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in.  It  IS  very  hard ;  and  I  yesterday  was  told  that  linen  washed  in  it  had  a 
yellow  appearance,  and  they  could  not  indeed  wash  well  with  it. 

14.  Where  are  the  hutta  and  tanks  usually  placed  ?— In  tlie  smaller 
Rouses  they  are  usually  very  near  the  privies. 

15.  It  is  needless,  then,  to  ask  you,  whether  the  water  gets  fresh  pol- 
lution from  such  proximity  ?— It  cannot  fail  to  do  so. 

16.  Has  the  drainage  in  the  neighbourhood  been  at  all  improved  ?  

In  some  of  the  streets  it  has  been  partially  improved  since  July  last;  but 
still  the  smells  in  some  places  are  very  offensive. 

n.  Are  there  any  soil-pans  adopted  ?— Yes,  in  some  places  ;  but  there 
is  no  supply  of  water  for  them,  and  they  are  still  very  defective. 

18.  It  has  been  reported  to  the  Board  that  at  the  Cloisters,  West- 
minster, new  drainage  has  been  laid  down,  and  that  since  then  no  offensive 
smells  have  been  experienced,  and  that  no  refuse  remains,  that  more- 
over there  has  been  a  distinguished  improvement  in  the  general  tone  of 
the  health  of  the  people  residing  in  the  neighbourhood:  have  j^ou  reason 
to  believe  that  such  was  the  natural  result  of  such  improvement? — I 
should  quite  believe  that  to  be  the  case. 

19.  Suppose  like  improvements  were  to  be  carried  out  in  Bermondse'v 
and  Jacob's  Island,  consisting  of  a  good  water  supply,  the  abolition  of 
cesspools,  together  with  the  application  of  house  drainage,  and  a  drainage 
of  the  foundation  of  the  houses,  with  what  difference  of  apprehension 
would  you  regard  the  approach  of  epidemic  cholera  or  other  epidemics  ? 
— Such  improvements  must  tend  to  diminish  the  severity  of  the  disease, 
whenever  it  may  attack  us. 

20.  From  your  experience  of  the  cholera  in  1832  and  1833,  do  you 
anticipate  a  recurrence  of  that  epidemic  in  one  form  or  another  ? — 
Judging  from  the  past,  most  probably  we  shall  have  a  return  of  the 
disease  this  year. 

21.  Have  not  epidemics  been  very  severe  in  your  district  ? — Yes. 

22.  Have  you  seen  the  table  in  the  Registrar-General's  Heport,  pre- 
pared by  Mr.  Edwards? — Yes. 

23.  Would  you  take  that  fairly  to  represent  the  respective  liabilities  to 
the  disease? — Yes ;  I  may  mention  one  case  in  which  the  sewers  water 
inundated  a  house  during  the  summer  and  autumn,  and  the  whole  family 
have  since  been  attacked  with  measles.  And  nearly  all  the  inhabitants 
of  this  locality  have  since  suffered  from  disease. 

24.  Then  the  representations  contained  in  your  memorials,  urging  the 
necessity  of  improvements  being  adopted  in  that  neighbourhood  are  still 
in  force  ? — Yes,  for  though  much  has  been  done,  much  more  still  remains 
to  -be  done. 


CHEMICAL. 
Dr.  Lyon  Playfair  examined. 

1.  Are  you  not  chemist  to  the  Museum  of  Practical  Geology  in  the 
department  of  Her  Majesty's  Woods  and  Forests? — I  am. 

2.  You  have  been  engag-ed  in  analysing-  specimens  of  river,  spring, 
and  surface  waters  from  different  parts  of  the  country? — Very  exten- 
sively, and  I  have  ejiainined  waters  from  most  of  the  larger  towns  in  the 
kingdom. 

3.  Have  you  been  called  on  to  analyse  the  Thames  water  ? — I  have 
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examined  the  Thames  water  as  high  as  Henley,  and  also  that  delivered 
by  the  Chelsea  and  by  the  Lambeth  Waterworks  Companies. 

4.  Will  vou  state  the  general  characteristics  of  the  Thames  water 
you  have  examined  as  to  its  hardness  ? — I  have  found  the  average  hard- 
ness of  the  Thames  water,  from  a  mean  of  about  40  observations,  to  be 
between  13  and  14  degrees  of  hardness.  I  never  found  it  above  16, 
and  I  have  seen  it  as  low  as  11.  It  has  been  stated  to  average  16,  but 
I  have  never  found  so  high  an  average,  although  occasionally  it  n)ay  be 
so  high.  In  two  or  three  instances  I  have  found  it  as  low  as  1 1,  but 
this  was  due  to  accidental  floods. 

5.  Have  you  analysed  the  water  of  the  river  Colne  ? — I  have 
examined  various  streams  at  Watford,  and  I  think  the  Colne  among 
them.  The  Thames  has  some  17  or  20  tributary  streams.  They  can- 
not be  soft  when  the  main  stream  is  hard.  I  examined  the  degrees  of 
hardness  of  the  water  at  Henley  every  day  for  three  weeks,  and  did  not 
find  any  very  great  variation.  One  day  the  water  was  ]  6  degrees,  but 
it  generally  ranged  from  13  to  14. 

6.  Then  you  think  it  probable  that,  as  other  chemists  state,  it  may- 
reach  16? — I  think  that  it  does  so  only  occasionally.  I  would  not  take 
the  average  of  the  Thames  water,  as  delivered  in  London,  to  be  more 
than  13,  varying  from  11  to  15. 

7.  It  has  been  stated  that  the  Thames  water  is  likely  to  be  affected 
by  the  sewage,  and  that  about  London  Bridge  is  softer  than  higher 
up? — I  should  think  it  would  become  so  by  the  mixture  of  sewage 
water.  In  fact  analysis  shows  the  presence  of  a  much  larger  quantity 
of  organic  matter  at  London  Bridge  than  higher  up  the  stream. 

8.  You  have  probably  seen  other  analyses  by  other  chemists.  Is 
there  a  general  correspondence  in  them  with  regard  to  Thames  water? 
— There  is  verv  little  essential  variation  more  than  arises  from  waters 
being  taken  at  different  times  and  places,  and  I  here  hand  in  a  table 
of  these  analyses. 
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Locality  of 
the 
Water. 

Sulpliate  of 
Potash. 

Sulpliate  of 
Soda. 

Chloride  of 
Sodium. 

Chloride  of 
Potassium, 

Chloride  of 
Magnesium. 

Carbonate  of 
Magnesia. 

Chloride  of 
Calcmm. 

Carbonate  of 
Lime. 

Sulphate  of 
Lime. ; 

Silica. 

Organic 
Matter. 

Authority. 

Henley    .  . 
Twickenham. 
Brentford 
Barnes     .  . 

Chelsea    .  . 
London  Bridge 

0'67 
0-27 

2'6o 
3- 10 

2'72 

3-40 
1-70 

1-  31 

2-  94 
2-37 

0-70 

0-42 
0-82 

0-08 

1-23 
1*02 

0-65 
1*60 

1*75 
6*37 

10-42 
12-76 
16-00 
16-90 
10-76 
10-80 
8-12 

3-72 

0-  45 

1-  98 
3-04 

■  • 

0-16 
0-27 

•  • 

0-73 
Trace. 

3-55 

3-  48 

2*10 

4-  25 
6-99 

Playfair. 

Clark. 

R.  Phillips. 

J.  A.  Phillips. 

Playfair. 

Ashley. 

_  9.  There  were  some  very  old  analyses,  were  there  not,  about  the 

time  of  Dr.  Bostock?  has  the  analysis  of  water  improved?  Yes; 

because  many  of  the  ingredients  were  not  then  thought  of  importance 
and  are  now  included.  In  the  previous  table  there  are  apparent  dis- 
crepancies, because  chemists  view  matters  differently ;  thus  Mr.  Clark 
and  Mr.  A.shley  unite  their  soda  with  sulphuric  acid,  while  I  prefer  to 
view  It  as  common  salt,  and  the  latter  acid  as  combined  with  lime  in 
the  torm  of  gypsum  ;  these  are  only  theoretical  differences. 

10.  Are  there  not  differences  in  waters  appreciable  to  the  senses,  and 
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Dr.  Lyon    yet  not  appreciable  by  analysis  ? — Yes,  certainly;  I  think  the  organic 
i'iu>feir.    gjigeous  impurities  in  water  have  not  yet  been  sufficiently  examined  by 
chemists. 

1 1.  Will  not  the  sanitary  effect  of  the  difference  of  organic  matter  in 
water  be  very  great  ?■ — I  think  very  much  more  so  than  the  effect  of 
the  mineral  ingredients  of  the  water.  When  waters  contain  sulphates, 
as  they  usually  do,  the  organic  matter  acting  upon  them  produces  sul- 
phuretted hydrogen,  a  putrid  and  noxious  gas.  The  organic  matter 
itself  also  enters  into  putridity,  and  innumerable  instances  of  dysentery 
and  diarrhoea  have  been  traced  to  this  vitiation  of  water.  In  the  recent 
visitation  of  cholera,  there  was  abundant  evidence  that  numerous 
attacks  were  the  consequences  of  the  use  of  water  containing  organic 
matter  in  a  state  of  decay. 

12.  Have  you  had  any  improvement  in  the  analysis  of  organic  matter 
in  water? — A  process  has  lately  been  described  by  Dr.  Foschammer, 
which  enables  the  amount  of  organic  matter  to  be  very  readily  deter- 
mined. 

13.  Suppose  you  take  the  case  of  a  susceptible  child  living  on  the 
side  of  a  high  hill,  who  was  removed,  without  any  alteration  of  diet, 
into  a  close  atmosphere,  would  there  not  be  found  a  great  difference  in 
its  state  of  health?— Certainly.  In  this  case  the  vitiated  atmosphere 
charged  with  organic  impurities  exhibits  a  marked  prejudicial  effect, 
although  there  would  be  no  very  decided  quantity  of  such  ingredients 
detectable  by  chemical  analysis.  In  fact,  chemistry  has  not  reached 
sutfieiently  far  to  isolate  or  examine  them.  We  know  they  are  present, 
because  oil  of  vitriol  is  blackened  by  carbonaceous  matter,  when  such 
air  is  drawn  through  it,  but  beyond  the  mere  fact  of  its  presence  we 
know  nothing. 

14.  Then  that  which  has  not  yet  by  analysis  been  found  by  chemists 
will  yet  govern  the  quality  of  the  air  or  of  water  ?— So  strong  is  my  im- 
pression on  this  point,  that  in  the  midst  of  the  cholera  I  urged  it  on 
the  Board  to  warn  the  public  against  keeping  water  in  the  house, 
which  though  at  first  entirely  pure,  would,  if  kept  in  cisterns,  absorb 
the  vitiated°air,  and  this  would  find  its  way,  in  a  very  active  form, 
into  the  system  of  those  who  drank  the  water.  In  consequence  of  that 
recommendation  the  public  were  recommended  to  use  boiled  water,  but 
that  should  be  used  at  once,  as  it  is  more  absorptive  than  water  un- 
boiled. The  Chinese  are  well  aware  of  the  effect  produced  by  boiling 
water  containing  organic  impurities.  They  are  accustomed  to  use 
boiled  water  for  the  purposes  of  drinking.  A  temperature  of  212  degrees. 
thatbein<r  the  boiling  point,  is  sufficient  to  destroy  decay,  so  that  boiled 
water  loses  the  injurious  influences  due  to  the  decaymg  matter  which 

may  be  present.  ,       .     •  .  ^ 

15  Then  the  absorption  of  the  air  by  water  kept  in  cisterns  or  close 
rooms  would  be  very  considerable,  and  the  taste  of  the  water  would  be 
verv  likely  to  be  altered  ? — Yes.  , 

16  Have  you  any  doubt  that  water  exposed  to  an  impure  and 
noxious  atmosphere  is  capable  of  absorbing  noxious  and  impure 
matters,  and  thus  proving  injurious  to  the  health  ?-I  have  no  doubt 
of  it ;  in  fact,  there  is  too  ample  experience  m  proof  ot  it. 

17  What  sort  of  precautions  did  you  recommend  at  the  time  of  the 
cholera  with  respect  to  water?— I  thought  the  most  effective  means  of 
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avoiding  injurious  results  would  be  to  boil  the  water,  if  it  were  imme-    Dr.  L%'ou 
diately  used  on  cooling;  it  should  be  allowed  to  cool  in  a  close  vessel,  Piajfoir. 
because  boiled  water  is  more  absorptive  of  all  gaseous  malaria  than 
unboiled  water.    It  is  also  advisable,  though  it  does  not  remove  danger 
to  the  full  extent,  to  filter  the  water  through  charcoal,  which  removes 
a  large  proportion  of  the  organic  impurities. 

18.  Of  course  at  that  time,  knowing  the  eflPect  of  this  absorption, 
you  were  alarmed  at  it? — I  v/as,  and  I  may  mention  one  example  of 
how  water  absorbs  gaseous  impurities.  One  of  my  assistants  was 
making  experiments  with  an  oil,  which  had  the  smell  of  the  concen- 
trated urine  of  a  male  cat.  The  smell  "was  insufferably  offensive,  and 
was  so  readily  absorbed  that  it  was  impossible  to  drink  the  water 
placed  in  the  room,  and  our  clothes,  especially  the  hair,  were  satu- 
rated with  the  smell,  which  did  not  disappear  for  several  days.  Every 
vessel  containing  a  liquid  in  the  room  soon  became  contaminated  with 
this  horrible  smell. 

19.  Then  it  is  a  great  point  that  the  delivery  of  water  should  be  so 
managed  as  to  avoid  all  such  absorption  ? — Yes,  certainly  it  should 
be  so  kept  as  to  be  always  pure,  cool,  and  palatable. 

20.  What  rank  would  you  assign  to  the  Thames  water  taken  as  a 
river  water? — The  average  hardness  of  water  supplied  to  the  various 
large  towns  of  England  is  probably  not  less  than  7  or  8  degrees. 
Accorriingly  the  Thames  water  would  be  about  8  degrees  above  that 
average. 

21.  Have  you  found  reason  to  modify  your  opinions  as  to  the 
domestic  value  of  soft  water? — I  speak  with  the  force  of  increased 
experience  when  I  .^ay  that  I  formerly  greatly  underrated  the  advan- 
tages of  soft  water.  I  need  not  allude  to  the  importance  of  soft  water 
for  washing  fi  rther  than  to  say  30  ozs.  of  soap  are  consumed  by  every 
100  gallons  of  Thames  water  before  it  forms  a  lather  fitted  for 
detergent  purposes/  The  importance  of  soft  water  in  cooking  is  less 
obvious,  but  no  less  ascertained  to  exercise  an  important  influence  on 
the  culinary  art.  With  regard  to  health,  accurate  observations  have 
not  yet  been  made,  especially  with  reference  to  the  human  subjects, 
but,  on  animals,  the  effect  of  hard  water  is  very  apparent.  Hor.ses 
have  an  instinctive  love  for  soft  water,  and  refuse  hard  water  if  they 
can  possibly  get  the  former.  Hard  water  produces  a  rough  and  staring 
coat  on  horses  and  renders  them  liable  to  gripes.  Pigeons  also  refuse 
hard  water  if  they  obtain  access  to  soft.  Cleghorn  states,  that  hard 
water  in  Minorca  causes  diseases  in  the  system  of  certain  animals, 
especially  of  sheep.  So  much  are  race-horses  influenced  by  the  quality 
of  the  water  that  it  is  not  unfrequent  to  carry  a  supply  of  soft  water  to 
the  locality  in  which  the  race  is  to  take  place,  lest  there  being  only 
hard  water  the  horses  should  lose  condition.  Mr.  Youatt,  in  his  book 
called  "  The  Horse,"  in  remarking  upon  the  desirableness  of  soft  water 
for  the  horse,  says,  «  Instinct  or  experience  has  made  the  horse  himself 
conscious  of  this,  for  he  will  never  drink  hard  water  if  he  has  access  to 

Ut!'  t^^^^  ^^^^^  ^^^^  ™*^st  transparent  water  of  the  well  for  a  river, 
although  the  water  may  be  turbid,  and  even  for  the  muddiest  pool." 
And  again,  in  another  place,  he  says,  "  Hard  water  drawn  fresh  from  the 
we  1  wi  1  assuredly  make  the  coat  of  a  horse  unaccustomed  to  it  stare, 
anU  will  not  unfrequently  gripe  or  further  injure  it." 
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22.  On  the  whole,  do  you  think  that  there  are  porlions  of  the 
Thames  from  which  the  donjestic  supply  of  water  ought  not  to  be 
taken  ? — I  think  it  unsafe  to  take  it  from  below  where  the  sewers 
enter  into  the  river ;  but  higher  up  the  quantity  of  organic  matter  at 
present  in  Thaines  water  is  very  inconsiderable. 

23.  Will  yon  give  a  statement  of  the  relative  quantities  of  organic 
matter  therein  ? — The  ainount  of  organic  matter  found  in  the  water  of 
the  Thames  is  described  in  the  table  which  I  have  already  given. 

24.  Have  you  analyzed  any  artesian-well  waters? — Yes,  the  wafe? 
at  Trafalgar-square,  and  since  then,  various  deep  well  waters  in  London 
have  been  examined. 

The  following  table  gives  the  composition  of  three  Artesian-well 
waters  in  London  : — 


Carbonate  of  Lime  . 
Phosphate  of  Lime  . 
Perphosphate  of  Iron  . 
Carbonate  of  Magnesia 
Sulphate  of  Potash 
Sulphate  of  Soda  3.  . 
Sulphate  of  Sodium 
Phosphate  of  Soda 
Carbonate  of  Soda  . 
Silica     .     .    .    .  . 
Organic  Matter     .  . 


Well  at 
Combe  and 

Delatield 
(Graham). 

Well  at 
Trafalgar-square 
(Abel  and 
Rowney). 

Well  at 
Boyal  Mint 
(Brande). 

6'18 

3-25 

3-50 

0-19 

0-03 

0-24 

■  • 

1-08 

2-25 

1-50 

■  • 

13-67 

24-25 

8-75 

13-14 

12-74 

20-06 

10-53 

•  « 

0-29 

11-68 

18-49 

8-63 

0-44 

0-97 

0-50 

•  • 

0-90 

Traces. 

56-80 

68-66 

37-80 

25.  What  are  the  general  characteristics  of  artesian-well  waters? — 
They  are  generally  of  five  or  six  degrees  of  hardness ;  they  also  contain 
a  lar^-e  proportion  of  alkaline  salts  and  common  salt,  but  comparatively 
little'earthy  or  calcareous  matter.  On  an  average  not  more  than  three 
or  four  o-rains  of  carbonate  of  lime,  and  two  of  magnesia  are  present  in 
a  o-allon''  Boiling  deprives  them  altogether  of  their  earthy  salts,  and 
renders  them  quite  soft.    Hence  they  are  of  much  value  for  washing, 

for  baths,  &c.  .        i,     ,       r  . 

26  Are  there  other  qualities  that  make  artesian-well  waters  ot  greater 
value  than  Thames  water  for  drinking?— I  do  not  think  that  they  are 
objectionable  for  drinking  purposes,  though  they  contam  a  large  quan- 
tity of  alkaline  salts.  These  act  on  the  kidneys,  but  perhaps  not  notably 
in  such  small  doses.  The  Trafalgar-square  water  has  been  lately  used 
in  all  Government  offices.  The  artesian-well  waters  are  not  always  .ree 
from  organic  matter,  but  when  they  are  very  deep  the  quantity  present 

is  ffenerallv  insignificant.  .        r        i-   •*  j 

27  Do 'you  concur  in  the  general  statement  of  the  limited  quantity 
of  artesian-well  water  available  for  water  supply  to  the  metropolis  ?- 
Some  of  the  manufacturers  and  brewers  in  the  neighbourhood  ot  London 
arran-e  to  take  the  water  required  by  them  only  on  certain  days 
because  the  supply  is  so  limited  that  the  demand  would  exhaust  it,  and 
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mutual  injury  must  result.  At  Watford,  24  miles  from  London,  the  p[^^^^?" 
water  in  the  wells  is  higher  on  Mondays  than  on  other  days.  The  — — 
brewers,  and  other  large  consumers  of  water,  do  not  of  course  pump 
any  on  Sundays ;  and  it  is  thus  shown  that  the  effect  of  tlie  London 
demand  extends  as  far  as  Watford,  a  fortiori  it  is  much  more  exhaust- 
ing in  the  immediate  neighbourhood.  Besides,  Mr.  Clutterbuck  has 
shown,  by  numerous  observations,  that  the  water  line  of  the  London 
Chalk  Basin  has  become  permanently  depressed  by  the  increased 
demand  upon  it. 

28.  But  without  depending  on  artesian  wells  for  the  chief  supply  of 
London,  might  they  not  serve  as  a  contribution  for  baths,  &c.  ? — Yes, 
but  too  great  a  supply  for  these  purposes  might  act  injuriously  on  many 
manufacturers  where  they  depend,  as  in  the  case  of  brewers,  on  the  soft- 
ness of  the  water.  Although  these  might  be  supplied  from  elsewhere, 
still  this  would  not  be  sufficient,  as  all  their  experience  has  been  derived 
from  the  behaviour  of  a  particular  water  ;  and  if  they  were  deprived  of 
it,  their  success  as  manufacturers  might  be  materially  impaired. 

29.  Beyond  the  advantages  you  have  staled  to  result  from  soft  water, 
can  you  specify  others  from  its  use,  for  tea,  for  instance  ?— It  is  there  of 
great  importance ;  in  fact  tea  cannot  properly  be  made  with  the  hard 
water,  unless  three  or  four  times  the  quantity  of  tea  were  taken  that 
would  be  required  to  make  equally  strong  tea  with  soft  water.  The 
injurious  effect  of  hard  water  is  found  not  only  in  tea,  but  also  in  cook- 
ing, where  soft  water  is  of  great  importance. 

30.  As  to  artesian-well  water,  do  its  saline  matters  lower  its  value? 
-^Not  to  a  g:reat  extent,  because  when  boiled  it  becomes  soft  water. 
Carbonate  of  soda  being  present,  on  ebullition  all  earthy  matter  is  taken 
from  the  water,  and  it  becomes  soft. 

31.  Supposing  an  equal  supply  of  artesian-well  water  were  obtain- 
able, would  it  be  of  great  value  ?— No  doubt,  if  it  were  in  sufficient 
quantity;  but  it  is  not  well  calculated  to  supply  cisterns  on  account  of 
its  phosphates,  which  promote  the  growth  of  vegetation.  In  Trafalgar- 
square  the  vegetation  grows  so  that  it  would  soon  block  up  the  entrance 
to  the  pipes  if  it  were  not  removed.  I  was  applied  to  by  Government 
to  give  an  opinion  as  to  the  propriety  of  supplying  the  Serpentine  with 
that  water,  and  I  cautioned  it  as  to  an  evil  which  would  be  found  if  it 
w^re  used.  This  consisted  in  its  disposition  to  encourage  the  growth 
ot  vegetation,  which  would  give  to  the  pubHc  the  idea  of  putridity,  and 
tt)us  create  a  prejudice  against  the  waler. 

32.  But  that  vegetation  would  of  course  decompose  ?— Certainly  ; 
and  actmg  on  the  sulphates  present  in  the  water,  would  produce  sul- 
phuretted hydrogen.  » 

33.  What  is  the  difference  in  the  proportions  of  organic  matter  in 
^ater,  taken  at  one  extreme  of  the  Thames  and  the  other?— I  found  as 
■\ITa  '""^^^^  ^'S^t  gi'^iins  of  organic  matter  per  gallon  down  about 
-Mjndon  Bridge;  and  at  Chelsea  I  found  as  much  as  four  grains  of 

sT^V"^"^^'  and  about  three  at  Henley. 

T  n,ui"«Jo^"/""o^^"^''''^'^y  ^^"""^      quantity  increased  as  you  approach 
i^onclon  Bridge?— Generally.  J  ii 

tidf?-^''!,^?''  ^"-^^        ^''^^'^'^  ^^'e'"      any  particular  state  of  the 

laboritnrv     n  ?  ^'""^  ^^'^  P'P^  '"to  the  cistern  for  the 

laboratory  ,n  Duke-street,  Westminster. 
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Dr.  Lyon"      36.  You  stated  that  the  Chelsea  -water  is  filtered  ? — It  is, 
Playfoir.  What  proportion  would  the  degree  of  organic  matter  in  that  filtered 

water  have  to  the  general  amount  of  organic  matter  in  the  usual  London 
supplies  of  water? — On  an  average,  it  would  be  decidedly  lower. 

38.  How  is  it  at  Henley? — About  three  grains  per  gallon;  it  is  not 
what  may  be  called  a  large  average,  still  it  is  a  notable  quantity. 

39.  With  regard  to  surface-waters,  have  you  examined  the  water  with 
which  the  print-works  in  Manchester  and  Liverpool  are  supplied  ? — Yes ; 
and  also  the  supplies  to  most  of  the  large  towns  in  Scotland. 

40.  Is  the  practice  extending,  of  taking  waters  from  surface-drain- 
age ? — Yes. 

41.  What,  in  general,  is  the  value  of  such  water,  as  compared  with 
the  water  from  rivers? — In  general,  where  the  water  is  principally 
flood-water,  it  is  very  much  softer;  for  instance,  Manchester  is  about 
to  be  supplied  with  surface  drainage-water,  and  the  hardness  does  not 
amount  to  1  degree.  Liverpool  has  also  a  Bill  for  the  same  purpose, 
and  the  water  there  will  be  under  a  degree.  Sheffield  hkewise,  to  a 
certain  extent,  is  supplied  in  the  same  way. 

42.  Have  you  ever  been  called  on  to  examine  certain  waters  in  or 
near  London? — Yes,  at  Richmond;  I  found  the  water  from  Richmond 
Park  to  be  8  degrees,  and  that  from  the  Richmond  Water- Works, 
taken  from  the  Thames,  to  be  13  degrees  of  hardness.  The  surface 
water  from  the  Bagshot  sands  is  generally  very  soft,  varying  from  less 
than  one  to  two  or  three  degrees  of  hardness.  The  hardness  depends 
much  on  the  nature  of  the  soil.  If  I  knew  the  nature  of  the  rockons 
which  the  water  falls,  I  think  I  could  indicate  what  would  be  the  degree 
of  hardness.  As  far  as  I  have  seen,  I  have  found  surface  waters 
decidedly  softer  than  river  waters. 

43.  As  much  as  from  a  half  to  a  third,  the  hardness  of  river  water  ?— 
Yes,  frequently ;  but  it  in  a  great  degree  depends  on  the  geological 
formation.  If  there  be  no  peculiarity  of  formation  to  make  the  water 
hard,  surface-waters  will  be  generally  much  softer  than  river-water, 

44.  Have  you  examined  the  drainage-water  from  land  drains,  that 
which  is  called  shallow  spring-water ;  and  do  you  agree  that  this  kind  of 
water,  properly  managed,  would  have  advantages  even  over  the  surface- 
water?— It  would  be  all  the  better  and  clearer  from  having  passed 
throu'^h  a  bed  of  vegetation,  which  would  serve  as  a  natural  filtration. 
I  should  have  no  fear  of  surface-water  (if  it  were  carefully  covered  in) 
for  the  use  of  a  town  on  a  large  scale,  because  it  is  found  that  in  stand- 
ing much  of  the  impurity  purifies  itself  by  a  natural  process,  and  falls 

^°4."*  Is  it  not  the  general  practice  now,  where  ground  can  be  obtained 
free  from  building,  to  obtain  a  water  supplv  from  the  collection  of 
surface-water?— The  chief  supplies  I  know  of  lately  are  such,  and  they 
o-ive  not  only  sufficient  in  quantity  but,  on  the  whole,  the  best  in 

quality.  ^  i  r  o 

46.  Has  the  effect  of  drainage  on  surface-waters  come  before  pu.''— 
No  •  I  only  know  of  Professor  Wilson's  analysis,  showing  the  eftect  ot 
land  drains.  I  think  you  run  the  risk  of  getting  a  large  amount  ot 
saline  matter  in  water  which  is  taken  too  near  large  towns.  Suppose 
you  select  a  piece  of  ground  which  is  highly  manured  and  hmed  ;  i  has 
been  shown  that  tfie  kind  of  manure  used  is  clearly  exhibited  in  the 
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drainage-water  of  the  field,  and  Professor  "Wilson  recojjnized,  by  analy-  Dr.  Lyon 
sis,  what  each  field  was  manured  with,  his  object  being  to  show  that  the  P^_^y^"'- 
fields  were  actually  robbed  thereby  of  the  valuable  qualities  of  the 
manure.  I  would  sooner  take  the  surface-waters  if  you  could  take 
them  from  a  large  extent  of  hill  ground  away  from  habitation.'?,  and  con- 
sisting of  non-oaleareous  formations.  The  recent  observations  of  Pro- 
fessor Way  have  shown  that  claying  soils  have  the  power  of  extracting 
certain  of  the  soluble  saline  ingredients  of  water,  others  of  purifying 
them  to  a  certain  extent. 

47.  Are  you  not  aware  that  it  has  been  stated  that  the  water  which 
has  comedown  the  colour  of  strong  black  tea,  has,  when  passed  through 
a  bag  of  peat,  become  quite  clear,  whei'eas  no  sand-filter  would  materially 
alter  it? — I  am  not  aware  that  peat  does  so,  but  charcoal,  and  even 
certain  kinds  of  trap-rock,  possess  this  discolouring  property. 

48.  As  far  as  positive  experiments  go,  the  advantage  is  in  favour  of 
surface-waters? — Yes,  if  you  have  them  economically,  plentifully,  and 
from  proper  localities.  If  you  have  a  district  very  highly  manured,  I 
doubt  the  advisability  of  trusting  to  this  source  of  supply. 

49.  The  river-water  may  be  said  to  be  of  two  sorts,  field-waters, 
and  the  waters  from  springs  ? — Yes  it  is  so. 

50.  Suppose  ground  were  obtainable  near  London  of  100  miles  square 
of  sandy  or  gravelly  quality;  should  you  have  any  doubt  that  water 
superior  to  the  Thames  water  could  be  obtained? — I  should  not  like  to 
give  an  opinion  without  inspecting  the  district.  If  you  refer  to  the 
Bagshot  sand,  I  may  state,  that  having  examined  the  district,  I  do  not 
see  any  chemical  reason  why  its  water  should  not  be  of  excellent  quality, 
as  it  is  of  undoubted  softness. 

51.  Is  it  a  general  conclusion  as  to  Thames  water,  that  it  is  above 
the  average  in  organic  matter,  and  that  sewage  water,  in  particular 
parts,  is  in  excess  ? — I  have  no  doubt  of  it. 


On  the  Air  and  Water  of  Towns.    By  Robert  Angus  Smith, 

Ph.  D.,  Manchester. 

Having  been  requested  to  examine  into  the  variations  in  composition  of  Dr.  Robert 
the  air  and  water  of  towns,  I  send  the  observations  which  I  have  made  ^"=:i*f;°'*- 
upon  the  subject. 

It  has  been  long  believed  that  the  air  and  the  water  have  a  most  im- 
portant influence  on  our  health,  and  superstitions  have  therefore  constantly 
been  attaching  themselves  to  receptacles  of  the  one  and  emanations  of 
the  other.  The  town  has  always  been  found  to  differ  from  the  country; 
this  general  feehng  is  a  more  decisive  experiment  than  any  that  can  be 
made  in  a  laboratory.  Although  men  of  high  standing  have  been  found 
to  deny  that  any  difi"erence  exists  between  the  air  of  the  worst  towns  or 
tne  most  crowded  rooms  and  that  of  the  open  country,  it  seems  to  be 
only  a  proof,  that  men  accustomed  to  experimental  inquiry  are  apt  to 
ohS   \  ^^^^^        attached  to  those  apparently  less  rigorous 

nnrl  f  k  ? ^  ^^^^^^  constantly  and  unconsciously  making, 

ZVZ  T'T.""^^^  '^^"^^  be  demonstrated  by  the  grosser  pro- 
aratmnl\     lu^^'y  V  ""^^  ^""^^  be  satisfied  of  the  impurity  of 

an  atmosphere  through  which  a  blue  sky  could  never  be  seen  of  a  blue 
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colour,  or  where  a  bright  cloud  appears  of  a  dingy  brown  ;  but  there  are 
men  who  take  this  air  into  glass  receivers,  and  because  they  detect  no 
uew  substances  or  strange  compounds,  they  deny  that  there  is  any  pecu- 
liarity. I  have  known  persons  from  the  highlands  of  Scotland  who  felt 
in  gf>ing  into  Glasgow  as  we  do  when  going  into  a  glass-house  or  forge, 
and  who  could  not  be  persuaded  to  stay,  unless  they  remained  long 
enough  to  find  some  advantages  before  unknown  to  them.  The  inquiries 
made  by  the  Sanitary  Commissioners  have  completely  established  the 
fact  that  crowded  towns  are  dangerous  places ;  and  although  it  is  still 
an  open  question  whether  a  well-regulated  town  or  country  life  be  the 
more  healthy,  it  is  sufficiently  established  that  our  towns  have  subjected 
themselves  to  many  dangers,  which  we  in  self-defence  are  feeling  com- 
pelled to  try  to  avert,  by  acting  according  to  natural  laws  as  far  as  their 
acquaintance  has  been  made. 

Most  persons  must  have  felt  that  a  rapid  entrance  into  a  large  town, 
especially  a  manufacturing  town,  was  also  an  entrance  into  another 
climate.  An  inhabitant  of  the  sea-coast  or  of  the  hills  perceives  it 
rapidly,  and  the  effect  on  them  is  often  decidedly  bad  ;  to  those  accus- 
tomed to  it  a  few  hours  are  found  to  be  enough  to  cause  them  to  forget 
the  atmosphere  which  in  their  holiday  excursions  had  caused  them  such 
delight.  We  are  apt  in  these  cases  to  assign  other  reasons  for  the  feel- 
ings experienced,  and  to  attribute  much  to  the  change  of  scene  and  occu- 
pation ;  and  I  have  read  it  not  long  ago  asserted,  that  the  air  in  the  streets 
of  London  and  of  the  tops  of  distant  hills,  probably  differed  only  in  the 
temperature. 

Priestley  found  that  after  shutting  up  a  mouse  in  air  a  considerable 
time  it  seemed  to  become  weak  and  to  be  slowly  dying,  but  if  he  put  a 
fresh  mouse  into  the  same  air  at  this  period  it  instantly  died.  We  can 
bear  the  gradual  deterioration  with  ease,  but  we  often  find  ourselves  sur- 
prised at  the  state  of  the  air  in  which  we  find  our  friends  sitting,  perfectly 
unconscious  of  any  want  of  attention  to  their  sanitary  state. 

The  air  has  often  been  called  a  general  receptacle  for  all  impurity ; 
Nature  has  made  it  a  universal  purifier  by  giving  it  so  large  an  amount 
of  free  oxygen.  It  is  oxygen  which  purifies,  and  bodies  which  are  im- 
pure have  a  tendency  to  volatilize,  after  which  they  become  pure. 

No  doubt  the  air  of  a  town  contains  a  portion  of  all  exhalations  which 
arise  in  a  town.  These  are  such  as  come  from  living  bodies  in  the  first 
instance ;  exhalations  which  can  never  be  got  rid  of,  but  which  it  is 
probable  are  not  at  all  dangerous,  unless  accumulated.  There  are  also 
exhalations  from  the  refuse  matter  of  animals,  and  from  combustion  of 
fuel.  These  are  the  chief  points.  Various  manufactures  give  out  various 
effluvia,  and  no  man  that  has  walked  through  a  large  town  with  atten- 
tion can  have  failed  to  perceive  that  no  street  is  entirely  free  from  effluvia, 
and  that  every  one  seems  to  have  a  peculiarity  of  its  own. 

The  smell  is  a  delicate  guide  to  this,  and  although  custom  causes  us 
to  forget  that  odour  to  which  we  are  much  exposed,  a  frequent^  change 
gives  us  still  more  acuteness,  and  both  houses  and  streets  may  fairly  be 
complained  of  when  the  inhabitants  are  little  aware  of  it. 

That  animals  constantly  give  out  a  quantity  of  solid  organic  matter 
from  the  lungs  may  readily  be  proved  by  breathing  through  a  tube  into 
a  bottle,  when  the  liquid  or  condensed  breath  will  be  collected  at  the 
bottom  of  the  bottle ;  or  by  breathing  through  a  tube  into  water,  when  a 
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solution  of  the  same  substance  will  be  found  in  the  water.    This  would  ^Dr.  Robert^ 
scarcely  require  proof  if  we  considered  that  breath  so  frequently  has  an  "^"^ 
organic  smell ;  perhaps,  rather,  it  always  has  an  organic  smell,  and  when 
it  is  bad  the  smell  is  often  ofifensive,  containing  decomposing  organic 
matter. 

If  this  condensed  breath  be  put  on  a  piece  of  platinum,  or  on  a  piece 
of  white  porcelain,  and  burnt,  the  charcoal  which  remains  and  the  smell 
of  organic  matter  will  be  conclusive.  If  it  be  allowed  to  stand  for  a  few 
davs  (about  a  week  is  enough),  it  will  then  show  itself  more  decidedly  by 
becoming  the  abode  of  small  animals.  These  are  rather  to  be  styled 
animalcules,  and  very  small  ones  certainly,  unless  a  considerable  quantity 
of  liquid  be  obtained :  they  may  be  seen  with  a  good  microscope. 
Animalcules  are  now  generally  believed  to  come  from  the  atmosphere 
and  to  deposit  themselves  on  convenient  feeding-places;  that  is,  they 
only  appear  where  there  is  food  or  materials  for  their  growth,  and  they 
prove,  of  course,  the  existence  of  that  continuation  of  elements  necessary 
for  organic  life.  At  the  same  time,  their  presence  is  a  proof  of  decom- 
posing matter,  as  their  production  is  one  of  the  various  ways  in  which 
organized  structure  may  be  broken  up.  Such  a  liquid  must  of  course 
be  an  injurious  substance,  giving  out  constantly  vapours  of  an  unwhole- 
some kind. 

I  mentioned  some  time  ago  that  I  had  got  a  quantity  of  organic  matter 
from  the  windows  of  a  crowded  room,  and  I  have  since  frequently  re- 
peated the  experiment.  This  matter  condenses  on  the  glass  and  walls  in 
cold  weather,  and  may  be  taken  up  by  means  of  a  pipette.  If  allowed  to 
stand  some  time,  it  forms  a  thick,  apparently  glutinous  mass ;  but  when 
this  is  examined  by  a  microscope,  it  is  seen  to  be  a  closely-matted  con- 
fervoid  growth,  or  in  other  words,  the  organic  matter  is  converted  into 
confervse,  as  *t  probably  would  have  been  converted  into  any  kiiKl  of 
vegetation  that  happened  to  take  root.  Between  the  stalks  of  these  con- 
fervas are  to  be  seen  a  number  of  greenish  globules  constantly  moving 
about,  various  species  of  Volvox,  accompanied  also  by  monads  many 
times  smaller.  When  this  happens,  the  scene  is  certainly  lively  and  the 
sight  beautiful ;  but  before  this  occurs,  the  odour  of  perspiration  may  be 
distinctly  perceived,  especially  if  the  vessel  containing  the  liquid  be 
placed  in  boiling  water. 

My  analyses  of  this  body  are  not  yet  ready,  further  than  that  it  con- 
tains the  usual  organic  elements. 

li  air  be  passed  through  water  a  certain  amount  of  this  material  is  ob- 
tained, but  I  have  found  it  difficult  to  pass  a  sufficient  quantity  through. 
If  it  is  made  to  pass  rapidly,  absorption  does  not  take  place,  and  evapo- 
ration of  the  water  is  the  consequence  ;  if  it  passes  slowly,  it  requires 
many  weeks  to  pass  100  cubic  feet  through  a  small  quantity  of  water. 
I  continued  the  experiment  for  three  months,  but  although  I  obtained 
sulphuric  acid,  chlorine,  and  a  substance  resembling  impure  albumen,  I 
did  not  get  enough  to  make  a  complete  examination ;  and  indeed  this 
could  not  be  expected,  as  I  found  that  in  that  time  less  than  1,000  gal- 
lons of  air  had  passed  through. 

When  this  exhalation  from  animals  is  condensed  on  a  cold  body,  it  in 
course  of  time  dries  up,  and  leaves  a  somewhat  glutinous  organic  plaster  ; 
we  onen  see  a  substance  of  this  nature  on  the  furniture  of  diriy  houses, 
ana  in  tins  case  there  is  always  a  disagreeable  smell  perceptible.  I 
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Ane^fS  V''^"''  f^oul^t  that  this  IS  a  great  cause  of  the  necessity  for  constant 
g —      cleaning,  which  experience  has  found  and  made  to  be  a  very  general 
practice  in  England  and  elsewhere.    In  other  words,  it  is  a  reason  why 
that  which  is  not  cleaned  becomes  dirty,  a  question  which  I  have  often 
felt  great  difficulty  in  answering. 

Water  is  necessary  to  the  spontaneous  decomposition  of  animal  matter, 
and  It  IS  probable  that  in  a  warm  climate  this  coating  of  walls  and  furni- 
ture would  not  be  so  dangerous  as  with  us,  where  everything  is  exposed 
to  moisture  a  considerable  part  of  the  year.  In  a  warmer  climate  it 
will  probably  be  diffused  more  into  the  atmosphere,  and  not  be  so  much 
retained  as  it  is  by  the  moisture  which  dissolves  it  or  to  which  it  attaches 
itself. 

It  will  probably  be  found  that  this  substance  is  not  poisonous  if  taken 
into  the  stomach,  but  it  is  known  to  be  poisonous  breathed  into  the 
lungs,  as  we  know  crowded  rooms  are.  The  quantity  is  small  that  we 
do  breathe,  but  at  the  same  time  we  must  remember"  that  it  is  diffused 
in  air,  and  has  therefore  a  surface  as  extended  as  the  vohime  of  the  air 
in  all  probability  ;  and  we  know  that  a  cubic  inch  of  sulphuretted  hy- 
drogen will  scent  at  least  some  hundred  cubic  feet  of  air. 

As  this  substance  of  which  we  speak  is  organic,  and  contains  carbon, 
hydrogen,  and  nitrogen,  with  other  elements,  it  is  capable  of  oxidation ; 
and  it  no  doubt  is  continually  undergoing  oxidation  in  the  air,  probably 
forming  carbonic  acid,  water,  and  ammonia.  It  is  also  not  unlikely  that 
this  is  a  greater  source  of  the  ammonia  of  the  atmosphere  than  the  mere 
foetid  decomposition  of  animal  matter,  which  does  not  occur  to  a  large 
extent  in  nature,  provision  being  made  for  its  removal  by  animals,  and 
by  vegetation  especially. 

Organic  matter  in  contact  with  water  constantly  gives  off  an  odour  of 
some  kind,  and  especially  if  heated,  so  that  it  would  appear  as  if  steam 
or  vapour  were  capable  of  taking  up  much  more  than  that  which  we  call 
volatile  matter. 

If  organic  matter  be  allowed  to  decompose  in  the  air  it  gives  out  car- 
bonic acid,  ammonia,  sulphuretted  hydrogen,  and  probably  other  gases. 
Priestley  has  shown  that  if  it  decomposes  in  water  it  gives  out  an  in- 
flammable gas.  If,  however,  it  be  exposed  to  the  action  of  soil,  other 
circumstances  being  favourable,  it  is  converted  partly  into  nitric  acid. 

None  of  these  cases  occur  purely  in  our  towns,  but  all  of  them  occur 
to  some  extent.  Carbonic  acid  and  ammonia  occur  in  all  reservoirs  of 
refuse,  and  sulphuretted  hydrogen  occurs  also  in  abundance.  It  was  once 
very  perceptible  in  London,  as  Sir  Kenelm  Digby  complains  much  of  the 
state  of  the  streets,  when  silver  could  not  be  kept  clean  in  his  day.  This 
may  be  observed  now  in  many  towns,  and  is,  in  fact,  not  uncommon. 
This  is  a  disagreeable  smelling  gas,  and  wherever  it  is  abundant,  will  be 
easily  detected  by  the  nose.  It  may  be  detected  readily  in  many  courts 
and  alleys,  also  at  the  mouths  of  sewers,  and  in  some  parts  of  the  Irwell 
and  Medlock,  at  Manchester,  where  they  are  filled  with  organic  matter 
and  alkaline,  and  earthy  salts.  Ammonia  generally  accompanies  it,  so  as 
to  diminish  its  bad  effects. 

Ammonia  itself  is  probably  of  no  injury  unless  in  excessive  quantities, 
and  may  be  considered  as  one  of  the  most  wholesome  forms  in  which 
nitrogen  and  hydrogen,  as  gases,  pass  into  the  air.    A  decomposition 
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such  as  this  occurs  ordinarily  in  towns,  as  there  is  a  certain  exposure  to  ^^^^^ 

'"'in'caS  where  there  is  no  exposure,  or,  at  least,  when  the  substance 
is  in  water,  inflammable  gases  are  produced,  as  Priestley  has  shown,  and 
Li^ebi.  has,  to  some  extent,  explained.    It  would  seem  as  if,  when  de- 
comnosition  commenced,  oxidation  of  one  portion  necessarily  took  place, 
leav  n-  the  other  portions  without  oxygen,  unless  in  cases  where  an 
abundance  could  be  obtained.    Dalton  found  the  gas  from  the  floating 
island  at  Derwentvvater  to  contain  carburetted  hydrogen  and  nitrogen. 
The  carbon  and  the  hydrogen  are  deprived  of  oxygen  entirely,  whilst 
more  oxidized  bodies,  as  carbonic  acid  and  humus,  are  left,  the  latter 
body  to  be  in  time  entirely  oxidized,  as  Liebig  has  shown.    Whether  the 
nitrogen  comes  off  alone  -or  as  ammonia,  the  same  division  ot  a  substance 
into  oxidized  and  deoxidized  occurs,  as  we  see,  in  the  fermentation  of 
suo-ar  where  carbonic  acid  a  body  oxidized,  and  alcohol  a  body  to  a  great 
extent  deoxidized,  occur.    We  have  only  to  suppose  compounds  of  car- 
bon, hydrogen,  and  nitrogen,  coming  from  decomposing  matter,  to  show 
us  the  great  danger.    It  is  not  to  be  trusted  that  these  bodies  always 
appear'^in  the  mode  of  combination  mentioned  here  ;  their  modes  of 
combining  are  various,  and  these  elements  form  the  most  active  poisons 
known  to  us. 

A  certain  amount  of  moisture  is  almost  essential  to  the  escape  ot  odour 
from  many  bodies ;  it  probably  arises  from  two  causes.    The  vapour  of 
water  is  a  vehicle  for  organic  matter,  and  water  favours  decomposition 
in  bodies,  so  that  as  they  decompose  the  vapour  is  given  out.  From 
whatever  cause,  it  will  be  found  that  moisture  rapidly  facilitates  the 
escape  of  odour.    Mineralogists  avail  themselves  of  this  when  they 
breathe  on  a  mineral,  and  then  ascertain  the  smell.    The  moisture  of  an 
evening,  or  ev  inartificial  moisture,  causes  the  flowers  to  give  their  scents, 
and  the  moist  state  of  the  atmosphere  before  or  after  a  shower,  causes 
also  a  great  fragrance  in  a  flower-garden.    But  whilst  this  is  caused,  the 
same  laws  are  operating  for  injurious  effects,  wherever  there  is  a  reser- 
voir of  putrid  matter,  for  then  the  exhalations  are  also  abundant,  and 
bubbles  may  be  seen  to  rise  from  filthy  water.    It  is  Bot  improbable  that 
the  state  of  the  atmospheric  pressure  may  cause  this,  as  Mr.  E.  W.  Binney 
has  shown  that  the  gases  in  coal-pits  are  caused  to  escape  rapidly  during 
a  lowering  of  the  barometer.    Bodies  that  are  moist  will  therefore  give 
out  more  organic  vapours ;  if  there  be  abundance  of  water,  as  in  a  lake, 
the  vapours  would  to  a  great  extent  be  dissolved,  even  if  the  same  kind 
of  decomposition  were  to  proceed  as  in  merely  moist  or  marshy  ground. 
We  might  expect  then  that  soil,  if  moist,  will  give  out,  not  pure  vapour 
of  water,  but  water  with  organic  matter  in  it.    Wet  soil  is  a  little  acid 
generally,  and  if  very  acid  is  bad  land,  sour  as  it  is  called  ;  but  if  made 
alkaline,  either  by  the  direct  adding  of  ammonia,  or  by  decomposition  pro- 
ducing ammonia,  it  becomes  fertile.    If  any  alkali  be  added,  which  gives 
out  ammonia  by  decomposing  the  humate  of  ammonia  in  the  ground,  the 
same  state  of  fertility  is  attained.    This  end  is  generally  attained  by 
adding  lime.    This  state  of  almost  neutrality  of  the  soil  is  also  regulated 
by  nature,  and  a  fertile  alkalinity  obtained  by  the  rapid  decomposition  of 
organic  matter  through  moisture  and  heat.    In  this  alkaline  and  warm 
state  more  vapours  will  of  course  be  given  off,  and  the  ammonia  will 
assist  in  the  removing  of  organic  matter  into  the  air.    How  far  this 
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ll'^l'f  has  not  yet  been  seen  by  me  satisfactorily  •  but  on 

—      peat  land  the  amm.nna  formed  is  abundant  in  hot  weather,  so  mud  so  as 
0  be  perceptible  directly  by  the  senses,  and  to  take  with  t  in  so^tion  a 
arge  quan  ity  ot  humus  and  salts  of  humus,  containing  food  for  plants 
as  I  showed  in  a  paper  to  the  Philosophical  Society  of  Manchester!^  ' 

«J  Thv  W      !u°         ''"'^  "^^"^^  "^^y  be  lifted  into  the  air 

a^id  why  hot  weather  promotes  it ;  also,  I  wish  to  show  how  various  thTs 
ma  termust  be  in  its  properties,  as  all  vegetable  solutions  give  out  a 
certain  amount  of  matter  from  them. 

frlVTf''u'''T'''  ""^"^  ^ere  really  to  be  got  from  such  vapours 
rom  land  I  collected  some  dew  by  condensing  it  on  a  glass  cylinder,  and 
allowing  It  to  drop  into  a  glass  below.    The  fewness  of  the  evenings  fa- 
vonrable  for  the  purpose  this  year,  has,  of  course,  retarded  me.    I  saw 
plainly,  however,  that  the  substance  thus  obtained  from  the  dew  was  very 
different  from  that  obtained  by  condensation  in  a  warm  room ;  whereas 
that  from  a  crowded  room  was  thick,  oily,  and  smelling  of  perspiration, 
capable  of  decomposition,  and  productive  of  animalcules  and  confervje  • 
the  dew  was  beautifully  clear  and  limpid.    When  boiled  down,  the  odour 
was  not  disagreeable,  and  I  may  say,  not  remarkable ;  but  when  the 
small  portion  of  solid  matter,  which  remained  dissolved  in  it  was  exposed 
to  heat,  the  smell  was  that  of  vegetable  matter,  with  very  little  trace  of 
any  nitrogenized  substance.    It  was  also  rather  agreeable  than  otherwise. 
The  dew  was  collected  in  a  flower-garden,  and  I  have  no  doubt  in  favour- 
able weather  of  being  able,  in  dissimilar  situations,  of  getting  it  of 
different  characters.    It  is  not  improbable  that  the  matter  in  the  dew 
may  be  a  measure  of  the  amount  in  the  atmosphere ;  if  so,  the  decided 
difference  between  that  of  the  country  and  that  of  crowded  rooms  is  to 
be  remaiHked,  and  may  probably  form  a  good  guide  towards  a  knowledge 
of  comparative  purity  of  atmosphere. 

In  walking  along  the  fields  on  an  evening  when  there  is  much  dew,  it 
may  be  observed  how  much  effect  a  dry  soil  has  ;  indeed,  I  might  almost 
say  the  climate  of  a  field  will  be  found  to  vary  almost  every  yard.  Every 
cause  of  cold,  the  formation  of  a  drain,  the  lowness  of  anv  spot,  its  beino- 
higher  or  more  level,  or  more  sheltered,  is  indicated  by  this  delicate 
thermometer,  the  rise  of  vapour,  and  the  perception  of  cold.  If  we 
ascend  higher  the  same  is  seen  on  a  larger  scale— on  miles  instead  of 
yards.  A  house  may  be  in  a  clear  atmosphere,  and  the  lawn  before  it  in 
an  impenetrable  fog.  One  foot  in  height  makes  a  difference,  and  one 
foot  also  of  level  distance,  if  the  ground  should  differ  in  quality.  The 
damper  places  give  us  a  feeling  of  freshness,  and  cause  also  a  slight 
irritation  of  the  nose.  Every  wall  causes  a  certain  amount  of  dampness  ; 
and  even  in  a  windy  day,  a  leafless  hedge  will  protect  one  side  from  eva- 
poration. In  these  respects,  therefore,  we  may  say  truly,  that  every  field 
or  house  in  the  country,  as  well  as  I  believe  every  house' in  the  town,  has 
its  own  peculiar  climate. 

The  effect  of  wetness  on  the  atmosphere  of  a  town  is  very  great ;  if  we 
observe  the  smoke  on  a  dry  day  we  find  that  it  rises,  and'if  there  be  a 
little  wind  it  is  carried  out  in  distinct  black  lines,  leaving  the  air  below 
comparatively  pure.  If  the  day  be  dull  and  wet,  the  smoke  instead  of 
being  carried  away  is  poured  out  directly  into  the  streets,  and  a  spectator 
at  a  short  distance  sees  a  basin  of  black  fluid,  if  the  town  be  in  a  valley, 
or  a  heap  gradually  diminishing  towards  the  circumference  as  it  falls  inta 
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the  adjacent  country.    It  may  be  replied,  that  the  diffusion  of  gases  woiild  Dr.j«^«t^ 

prevent  this,  but  again  it  naay  simply  be  said  that  it  does  not  prevent  it.  

Besides  the'  smoke  is  not  to  be  considered  as  a  gas,  the  black  portion  is 
carbon  and  tar.  If  the  carbon  is  wet,  it  becomes,  like  all  other  spongy 
bodies  when  filled  with  water,  heavy,  and  of  course  falls  down.  The 
carbonic  acid  will  no  doubt  be  diffused  more,  but  it  also  is  strongly 
attracted  by  water,  and  must  not  be  viewed  as  a  pure  gas,  such  as  oxygen 
or  nitroo-en.  Probably  this  is  the  reason  of  the  very  disagreeable  state  of 
our  towns  in  damp  gloomy  weather ;  it  is  such  weather  as  does  not  allow 
the  town  to  be  ventilated.  The  same  does  not  occur  on  a  thoroughly  wet 
day,  when  the  matter  is  carried  fairly  down  into  the  streets,  and  a  certain 
freshness  is  perceived. 

Rain  amidst  smoke  is  'just  such  a  liquid  as  we  might  expect;  it  is  a 
mixture  of  soot  in  a  finely-divided,  apparently  dissolved  state.  It  is, 
however,  not  dissolved,  and  by  boiling  down  may  be  got  free.  It  is  not 
easy  to  tell  exactly  the  composition  of  the  rain;  for,  although  I  have 
examined  it,  and  obtained  many  products  in  it,  so  much  may  be  said  to 
come  from  other  sources  when  water  is  collected  near  houses  or  near  the 
ground,  that  I  have  often  suspected  some  source  of  error.  .However,  I 
think  if  we  take  that  rain  which  is  collected  on  a  very  wet  day,  after 
many  hours  of  continued  pouring  without  wind,  we  may  consider  that 
we  have  got  the  purest  specimen.  This  was  collected  frequently,  and 
having  obtained  it  so  often  I  am  now  satisfied  that  the  dust  really  comes 
down  with  the  purest  rain,  and  that  it  is  simply  coal  ashes.  No  doubt 
this  accounts  for  the  quantity  of  sulphates  and  of  chlorides  in  the  rain, 
and  for  tlie  soot,  which  are  the  chief  ingredients.  This  rain  is  also  often 
alkaline,  arising  probably  from  the  ammonia  of  the  burnt  coal,  which  is, 
no  doubt,  a  valuable  agent  for  neutralizing  the  sulphuric  acid  so  often 
formed.  It  m  ust,  however,  be  frequently  acid  with  sulphuric  j^cid, 
although  I  have  not  found  it  so,  as  I  have  traced  sulphurous  acid  in  the 
atmosphere  frequently,  walking  through  some  miles  of  streets  to  come  to 
its  source.  The  source,  however,  is  not  easily  obtained,  because  I  believe 
it  does  not  fall  till  at  some  distance. 

The  rain-water  at  Manchester  is  about  2i  degrees  of  hardness,  harder 
in  fact,  than  the  water  from  the  neighbouring  hills,  which  the  town  in- 
tends to  use.  This  can  only  arise  from  the  ingredients  obtained  in  the 
town  atmosphere. 

But  the  most  curious  point  is  the  fact  that  organic  matter  is  never 
absent,  although  the  rain  be  continued  for  whole  days.  This  matter  is 
capable  of  promoting  animalcular  life  to  some  extent,  and  small  specimens 
may  be  seen  moving  solitary  in  it.  If  allowed  to  stand  in  a  bottle,  this 
may  be  more  clearly  detected.  On  this  matter  I  must  say  more  at  a 
future  time.  , 

My  chief  wish  is  to  show  that  the  general  notions  entertained  by 
persons  as  to  the  air  of  towns  are  not  without  the  support  of  what  is 
called  scientific  observation,  although  at  the  same  time  the  effects  on  life 
are  greater  than  chemists  by  any  observations  could  have  made  out. 

Vogel  and  others  have  found  organic  matter  in  the  atmosphere  ;  and 
JJr.  bouthwood  Smith,  in  looking  for  matter  which  might  produce  fever, 
louna  an  organic  substance,  I  believe,  in  some  of  the  streets  of  London. 

°}ri-^     ^^^^'^  ^^^^  ^  ^^^6  myself  observed. 

It  this  matter  should  from  any  cause  be  exposed  to  a  decomposition 
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Angus  Smith ""1"^  ^^'^^  ^^'"^  ^^^c  before  us  a  state  of  things  worse,  because 

i.    more  ^.eneral  than  a  bad  sewer,  and  can  account  for  many  diseases^  I 

am,  therefore,  disiwsed  to  tliink  of  it  as  Lord  Bacon  thought  of  the  cause 
ol  jail  fever:— "Out  of  question  such  smells  consist  of  man's  flesh  or 
sweat  putrefied.  There  may  be  great  danger  of  such  compositions  in 
great  meetings  of  people  within  houses ;  for  poisoning-  of  air  is  no  less 
dangerous  than  poisoning  of  water.  And  these  empoisonments  of  air  are 
more  dangerous  in  meetings  of  people,  because  the  much  breath  of  people 
doth  further  the  reception  of  the  infection."— Bacon's  Sylva  Sylvarum. 

The  state  of  the  air  is  closely  connected  with  that  of  the  water;  what 
the  air  contains  the  water  may  absorb,  what  the  water  has  dissolved  or 
absorbed  it  may  give  out  to  the  air.  Whatever  the  rain  meets  with  in 
Its  course  from  the  surface  to  the  wells  of  a  town  is,  if  soluble,  dissolved 
m  the  water.  The  enormous  quantity  of  impure  matter  filtering  from 
all  parts  of  a  large  town  into  its  many  natural  and  artificial  outlets,  does 
at  first  view  present  us  with  a  terrible  picture  of  our  underground  sources 
of  water.  But  when  we  examine  the  soil  of  a  town,  we  do  not  find  the 
state  of  matters  to  present  that  exaggerated  character  which  we  might 
suppose. 

I  have  often  been  struck  with  the  extent  to  which  water  may  purify 
itself.  At  Bala,  on  the  hills,  the  water  is  brown  ;  in  the.  lake  it  is  still 
coloured,  but  in  its  course  it  becomes  beautifully  clear.  A  still  stronger 
instance  may  be  observed  on  the  hills  beyond  Bolton,  the  water  in  which 
is  of  a  deep  brown  ;  when  it  falls  into  the  reservoirs  just  below,  it  ceases 
to  be  very  dark,  although  still  too  brown  for  agreeable  use;  but  when  it 
has  run  a  few  miles  it  ceases  to  be  remarkable,  and  is  often  perfectly 
pure.  I  was  struck  also  with  the  fact  that  filters  do  not  become  dirty  iii 
proportion  to  the  amount  of  impurity  which  they  seem  to  remove.  The 
sandf&t  the  Chelsea  Waterworks  contain  onlyr  1  '43  per  cent,  of  organic 
and  volatile  matter  after  being  used  for  weeks,  and  cannot  be  considered 
as  impure  in  a  high  degree. 

In  1827,  Liebig  found  nitrates  in  twelve  wells  in  Giessen,  but  none  in 
wells  200  or  300  yards  from  the  town  (Annales  de  Chimie,  vol.  xxxv.) 
Berzelius  made  similar  observations  at  Stockholm.  In  1846  and  1847, 
I  examined  about  30  wells  in  Manchester,  and  found  none  free  from 
nitrates  ;  many  contained  a  surprising  quantity,  and  were  very  nauseous 
(Mem.  of  the  Chem.  Soc). 

Wells  in  the  country  generally  contain  organic  matter,  and  in  the  town 
the  organic  matter  is  oxidized  into  nitric  acid,  as  if  it  required  a  certain 
intensity  to  promote  the  action.  It  is  very  probable  that  this  acid  is  an 
effect  of  restricted  oxidation,  occurring  as  it  does  with  such  excess  of 
organic  matter,  and,  although  near  the  surface,  still  under  hard  pave- 
ments and  soil  where  there  is  also  little  flow  of  water.  It  might,  how- 
ever, be  viewed  as  an  oxidation,  with  excess  of  oxygen  also  where  the 
large  extent  of  surface  presented  by  the  porous  materials  gives  an  increased 
facility  for  oxidation,  or  rather  presents  compressed  oxygen,  so  as  to  be 
more  efiiective. 

It  will  be  of  interest  to  know  what  becomes  of  the-  carbon  and  hy- 
drogen in  these  cases,  if  they  are  removed  together.  These  nitrates  d» 
not  occur  to  any  extent  in  purifying  large  bodies  of  water,  nor  do  they 
occur  in  filtering  through  rocks  or  sand  as  in  nature,  but  they  occur  in 
more  close  situations,  under  streets  and  houses,  and  in  undrained  ground, 
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according  as  it  is  saturated  with  animal  matter.  It  is  found  in  sewer 
water,  in  the  Thames  water,  and  in  all  dirty  streams  into  which  sewers 
empty  themselves :  perhaps  the  reason  of  its  not  being  found  in  larger 
quantities  in  streams  from  drained  laud  is  simply  the  want  of  animal 
matter  or  it  may  not  be  formed  more  rapidly  than  the  plants  can  use. 
It  is  fo'und,  however,  in  wells  which  are  situated  in  well-manured  gar- 
dens, and  in  all  wells  at  the  backs  of  houses,  without  any  exception  yet 
met  with  by  me. 

The  wells  of  private  houses,  and  we  may  say  wells  generally,  are 
placed  in  that  spot  which  of  all  others  is  the  worst,  the  cesspools  and  the 
wells  always  too  near,  generally  close  to  each  other.  I  was  first  led  to 
examine  this  from  a  complaint  made  in  Manchester,  where  a  case  of  this 
kind  furnished  water  of  an  oily  appearance,  containing  about  90  grains 
of  matter  in  a  gallon,  and  being  excessively  disagreeable.  The  same 
well  was  examined  in  summer,  and  the  matter  had  risen  up  to  nearly  an 
ounce  in  a  gallon.    The  well  was  of  course  not  fit  for  use  in  this  stsrte. 

In  the  same  neighbourhood  was  a  churchyard,  and  around  it  I  exa- 
mined five  wells,  one  of  them  especially,  sufficiently  far  removed  from 
cesspools  to  make  me  believe  that  the  churchyard  was  the  only  cause  of 
the  impurity.  The  wells  of  London  all  contain  nitric  acid  to  a  certain 
extent,  but  they  vary  exceedingly  in  the  amount.  The  following  have 
only  a  small  quantity  : — Exchange,  Rood-lane,  Eastcheap,  St.  Paul's- 
churchyard,  Tower-hill,  Covent-garden,  Lincoln's  Inn-court,  St.  Cle- 
ment's Strand,  Aldgate  Pump,  and  Bow  Church.  It  seemed  to  me, 
from  the  situation  of  the  old  well  at  Clerkenwell,  that  it  was  very  well 
fitted  for  obtaining  nitrates,  and  on  examination  it  was  found  to  be  ex- 
ceedingly well-filled  with  earthy  salts,  containing  148  grains  of  solid 
matter  to  the  pallon,.  of  which  several  were  nitrate  of  lime.  The  water 
of  this  neighbourhood  would  contain  about  20  grains  to  the  gallon  in  a 
natural  state,  if  we  may  judge  from  the  water  generally  found  in  the 
valley  of  the  Thames. 

Another  well  in  North-street,  Tottenham  Court-road,  was  examined, 
as  from  the  state  of  the  drainage  I  expected  it  to  contain  a  considerable 
quantity  of  earthy  salts.  Here  also  I  was  not  deceived,  having  got  130 
grains  of  sulphates,  chlorides,  and  nitrates  in  a  gallon ;  the  water  itself 
a  fluid  which  I  could  not  swallow. 

There  is  then  a  constant  formation  of  nitric  acid  under  towns.    It  is 
a  little  surprising  that  organic  matter,  properly  so  called,  should  not  be 
found  in  those  wells ;  the  nearest  to  a  source  of  organic  matter  do  actually 
contain  the  least,  because  in  these  cases  it  is  more  readily  converted  into 
nitric  acid,  which  may  very  properly  be  called  here  oxidized  organic 
matter.    At  the  same  time,  also,  it  must  be  remembered  that  the  nitrates 
decompose  any  organic  matter  present  if  heat  be  applied,  so  that  no 
blackening  of  the  residue  can  be  perceived.    Those  wells  of  London  first 
mentioned  do  not  contain  much  of  these  salts,  but  sufficient  to  deprive 
them  of  organic  matter,  as  no  vegetation  is  to  be  perceived  in  them,  even 
by  a  microscope,  after  a  long  period.  If,  however,  a  mere  trace  of  nitric 
acid  be  found,  as  in  the  well  of  Tower-hill,  a  green  matter  deposits  on 
standmg.    This  perfect  freedom  from  animal  or  vegetable  growth  is  a 
ground  for  suspicion,  also,  of  nitrates  being  present,  as  there  generally 
IS  a  little  green  matter  found  in  the  purest  waters,  unless  they  pass  through 
great  depths  of  sand  or  gravel,  as  in  the  new  red  sandstone,  where  the 
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An«.S„7a.  ^.^^''^K^"         ^  *^^^P  ^ell,  is  entirely  free  from  everything  but 

—      inorganic  salts.  ^      &  '^u* 

_  The  fact  of  some  of  the  wells  being  freer  than  others  from  these  salts 
^  IS  a  proof  of  a  dependance  on  the  state  of  the  soil,  and  T  doubt  not  that 
^he  drainage  has  the  greatest  effect  on  the  change  made.  Some  of  the 
mud  taken  from  under  a  street  in  Manchester,  where  a  sewer  had  beea 
allowing  some  moisture  to  ooze  out,  was  found  to  contain  nitrates  also  in 
considerable  quantities,  but  the  sand  and  gravel  below  was  nearly  dry. 
and  perfectly  free  from  nitrates.  Although  it  is  very  probable  that  nitric 
acid  IS  formed  most  readily  in  the  sand,  yet  it  is  also  more  readily  carried 
away,  and  after  much  rain  we  cannot  expect  to  find  such  a  soluble  salt 
remainins;. 

As  to  the  source  of  this  acid,  I  made  some  experiments  last  year  for 
the  Metropolitan  Sanitary  Commission,  which  I  may  here  relate.  My 
object  was  to  get  an  idea  of  the  nature  of  filtration.  A  jar,  open  at  both 
ends^  such  as  is  used  with  an  air-pump,  was  filled  with  sand,  and  some 
putrid  yeast,  which  contained  no  nitric  acid,  was  mixed  with  pure  water 
and  poured  on  the  sand,  allowing  it  to  filter  through.  The  product  of 
nitric  acid  was  abundant,  so  much  so,  as  when  boiled  down  to  give  it  out 
at  once,  on  .the  addition  of  protosulphate  of  iron  and  sulphuric  acid, 
making  the  red  fumes  of  the  peroxide  of  nitrogen  apparent  without  the 
aid  of  any  very  refined  test. 

Charcoal  was  tried  for  the  same  end ;  it  did  not  answer,  although 
allowed  to  act  for  two  months;  it  was  put  into  a  large  Hessian  crucible, 
and  the  liquid  allowed  to  trickle  through  the  crucible  and  charcoal 
together. 

Ox-flesh  was  in  this  manner  oxidized  into  nitric  acid,  after  rvllowing 
it  to  putrefy.  This  result  could  be  obtained  by  means  of  an  ordinary 
household  filter,  if  the  time  allowed  were  long  enough,  and  other  con- 
ditions favourable.  The  same  was  done  on  a  smaller  scale,  by  allowing 
nitrogenous  organic  matter  to  stand  over  spongy  platinum. 

No  doubt  this  is  a  very  important  provision  of  nature  for  the  pre- 
vention of  the  evil  consequences  of  putrefaction ;  it  is  the  complete 
destruction  of  all  dangerous  gases,  and  the  perfect  purification  of  the 
most  impure  substances  ;  whether  it  be  advisable  to  drink  water  having 
much  of  this  oxidized  matter  in  it  is  another  question.  We  see,  how- 
ever, in  this  the  two  great  agents  of  sanitary  improvement  at  work  for 
us,  the  air  and  the  water  acting  through  the  soil ;  whatever  goes  through 
such  an  ordeal  is  made  pure.  The  drainage  of  a  country  is  therefore 
that  which  removes  the  evil  effects  of  decomposition  as  well  as  the 
excess  of  moisture. 

<.  The  action  of  air  and  water  on  surface  is  then  a  powerful  one,  and 

probably  is  capable  of  doing  many  marvellous  things  with  the  substances 
given  to  it  to  treat.  The  effect  produced  on  sulphuretted  hydrogen  is 
no  less  decided.  A  bottle  of  strong  sulphuretted  hydrogen  was  poured 
upon  the  sand-filter,  and  sulphuric  acid  was  the  result,  with  sulphates 
formed  of  bases  which  it  had  washed  out  of  the  sand.  Sulphuret  of 
ammonium  filtered  through  sand  contains  sulphuretted  hydrogen  no 
longer,  and  will  not  blacken  lead,  so  powerful  is  this  kind  of  oxidation. 

•  Water  from  a  pump  in  a  yard  not  far  from  me  gave  out  a  disagree- 
able smell  of  sulphuretted  hydrogen  which  filled  the  neighbouring 
houses.    This  I  found  the  persons  accustomed  to  filter  and  to  drink : 
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the  sulphur  was  converted  into  sulphuric  acid,  and  the  water  was  actu- 

Th'esfa?rno  doubt  some  of  the  advantages  of  a  filter;  if  so,  we  are 
then  to  consider  that  a  filter  acts  according  to  its  cubic  dimensions,  and 
not  bv  its  surface  only.  If  the  porous  rocks  have  thus  the  power  of 
oxidizino-  sulphur  and  nitrogen,  we  may  then  ask,  have  thev  not  also 
the  power  of  oxidizing  carbon  ?  Hydrogen  is  no  doubt  oxidized,  the 
ammonia  being  broken  up  so  as  to  form  oxides,  as  nitric  acid  and 

^^We  see  that  natural  filtration,  with  abundance  of  room  and  free  move- 
ments dissipates  the  organic  matter,  and  nitric  acid  too,  if  ever  formed. 
The  time  allowed  for  filtration  being  so  short,  that  is,  the  time  from  the 
faUin'^  of  the  rain  to  the  appearance  of  the  pure  water  from  the  spring, 
we  cannot  suppose  that  vegetation  accomplishes  the  purification,  whilst 
there  is  no  deposit  of  impurity  apparent  to  account  for  the  change.  It 
seems  to  me  that  the  action  of  the  compressed  air  on  the  surface  of  bodies 
is  sufficient  to  answer  this  question,  and  that  this  matter  is  removed  by 
a  process  of  oxidation.  It  was  Saussure  who  showed  that  humus  can 
unite  oxygen  and  hydrogen ;  Liebig  has  shown  that  humus  is  constantly 
capable  of  combining  with  oxygen,  and  calls  it  a  constant  source  of  car- 
bonic acid.  When  then  we  see  water  not  very  free  from  organic  matter 
enter  a  rock  and  come  out  free  from  organic  matter  and  sparkling  with 
carbonic  acid,  leaving  no  visible  organic  impurities  behind  it,  we  may 
safely  conclude  that  the  oxidation  of  the  carbon  has  effected  it ;  this  then 
is  a  higher  degree  of  purification  than  the  oxidation  of  the  nitrogen,  which 
is  probably  allowed  to  go  free. 

Processes  such  as  these  are  going  on  constantly  wherever  water  is  fil- 
tering. On  laud  generally  such  things  must  be  constantly  occurring. 
The  ditch-waler  of  our  fields  is  a  very  different  water  from  the  river- 
water  into  which  it  runs,  or  even  of  the  drains  a  few  feet  only  below  it. 
Some  water  taken  from  a  ditch  in  the  neighbourhood  of  Manchester 
became  in  a  few  days  a  complete  mass  of  life,  and  the  many  specimens 
of  animalcules  in  such  water  make  it  a  good  subject  of  study.  Water 
from  a  drain  three  yards  deep  does  not,  however,  contain  this  immense 
quantity  of  organic  or  organizable  matter,  depositing  only  some  green 
matter,  partly  animal,  partly  vegetable. 

When  water  flow^s  from  hills  or  elevated  land  in  a  river- course,  it  un- 
dergoes changes  according  to  the  nature  of  the  bed,  and  also  according  to 
the  number  of  towns  on  its  banks.  As  an  instance  of  this,  I  will  follow 
the  river  Thames  from  its  sources  to  London  Bridge  without  giving  the 
details  of  analysis  here,  but  the  character  of  the  changes  as  known 
to  me. 

Water  from  the  Seven  Springs,  or  from  Thames  Head,  or  Andover 
Ford,  proceeding  as  it  does  from  the  rock,  is  in  the  perfectly  oxidized 
state  of  which  we  have  been  speaking;  it  contains  a  great  deal  of  car- 
bonic acid  and  of  lime  in  solution.  When  allowed  to  stand,  it  preserves 
its  great  purity  (or  clearness  of  appearance  rather)  any  length  of  time, 
not  appearing  to  change.  Such  water  as  this  requires  no  managing ;  it 
would  be  a  good  thing  if  it  could  at  once  be  introduced  into  houses ;  it  is 
in  fact  spring-water  from  the  rock,  and  such  water  is  known  to  be  always 
good,  unless  the  rock  contain  deleterious  substances.  Rocks  of  course 
are  found  which  give  out  a  water  much  freer  from  lime  than  the  water  of  ' 
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Thames  Water  at  various  Points. 


.^^It^Lf^.^^'^^'^'l^^^^^^^^  for  example,  as  those  between  Lancashire 

_  and  Yorkshire.  At  a  place  called  Swineshaw  on  one  of  these  hills  a 
stream  gushed  out  from  the  hard  and  insoluble  rough  rock  of  this  place 
having  the  purity  of  average  distilled  water,  with  a  sparkling  appearance 
and  agreeableness  to  the  palate  which  distilled  water  never  has  It  is 
under  one  degree  of  hardness  of  Clark's  test.  No  doubt  there  are  other 
streams  as  good,  and  the  whole  of  that  and  similar  districts  gives  the 
most  beautiful  water.  The  same  may  be  said  of  a  great  deal  of  the 
water  of  North  Wales,  and  in  such  places  as  have  very  insoluble  rocks 
1  said  as  pure  as  the  average  distilled  water;  it  may  not  be  known  to  all 
persons,  that  a  number  of  distillations  are  necessary  in  order  to  obtain 
pure  water.  For  this  purpose,  a  water  from  a  great  depth,  or  a  spring- 
water  from  a  rock  is  best  to  use,  as  there  is  less  volatile  and  organic 
matter  m  it ;  the  first  distillation  of  the  usual  waters  about  Manchester 
giving  a  very  imperfect  product. 

Purity  of  water  and  fertility  of  soil  are  not  to  Tie  expected  together,  if 
we  may  judge  from  the  facts  above.  Freedom  from  both  inorganic  and 
organic  matters  is  got  only  in  water  from  very  insoluble  locks,  which  are 
not  the  fittest  for  vegetation  ;  or  it  is  got  where  there  is  much  sand  or 
gravel  containing  little  soluble  matter,  and  of  course  little  food  for  plants. 
If,  however,  these  strata  be  together,  as  soon  as  the  water  comes  from  the 
insoluble  to  the  soluble  it  will  change. 

The  Thames  water  is  at  first  pure,  as  far  as  freedom  from  organic 
matter  occurs,  and  takes  its  course  through  a  rather  level  country.  The 
stream  is  soon  filled  with  plants ;  and  at  Kemble  the  water  has  already 
taken  up  some  organic  matter,  enough  to  form  a  slight  green  deposit  on 
standing.  The  water  here  is  still  beautifiilly  clear,  and  is  good  water;  it 
is  15*5  degrees  of  hardness. 

When  we  come  down  to  Pangbourne,  the  water  cannot  be  said  to 
have  become  much  worse;  it  is  still  so  pure  as  to  require  a  considerable 
time  to  form  a  deposit,  and  that  only  small,  containing  a  few  plants  and 
some  small  animalcules  from  -j-oVg-  to  -g-^V^  of  an  inch.  Here  there  is  a 
slight  but  still  decided  trace  of  organic  matter  from  animals.  There  has 
been  an  increase  in  the  hardness  also. 

Grains  of  Soap. 

Seven  Springs  12  -75  of  hardness  262 

Andover  Ford  13'88  283 

Thames  Head  at  Kemble  .  15'5  312 
Church  at  Cirencester  .  .  15*7  315 
Reading  16 -5  340 

Pangbourne  was  only  15*4  in  November,  1847;  the  others  are  of 
February,  1848,  when  the  water  was  harder  down  to  London.  There  is 
^  seen  here  an  increase  in  hardness,  and  there  is  also  an  increase  in  soluble 
salts  not  contributing  to  the  hardness.  At  Seven  Springs  the  hardness 
is  equal  to  the  whole  amount  of  insoluble  salts  and  a  fraction  more,  which 
may  arise  from  an  excess  of  carbonic  acid. 

Grains. 

At  Seven  Springs  inorganic  matter  in  a  gallon  12-25 
At  Pangbourne  ,,  22 -33 

At  Reading  ,,  ,,  23-114 

At  Windsor,  animalcules  begin  to  show  themselves  more  prominently 
in  the  water,  and  these  rather  large  hydatina.  There  are  also  at  Reading 
and  Oxford  some  of  the  smaller  green  naviculee,  and  several  other  smaller 
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ereen  baciUaria.  Oxford  water  had  more  of  these  than  Reading,  and  also  ^-^^^^ 
a  laree  amount  of  matter  in  solution ;  it  is  probable  that  the  soil  through  — 
which  the  Isis  flows  is  rather  different  from  the  other  part  of  the  Thames. 
The  river  was  rather  high  at  the  time. 

From  Richmond  downwards  the  case  is  much  altered,  and  the  water, 
althout^h  clear,  gives  after  a  time,  a  brown  flocculent  deposit,  entirely 
distinc°t  from  the  mud  deposit,  which  has  been  carefully  removed  before- 
hand    This  flocculent  deposit  contains  many  animals,  large  and  gelali- 
nous-lookin.o- ;  also  below  Chelsea,  and  chiefly  below  Hungerford-market, 
little  eels,  '''Vibrio  fluviatilis"  about  Vo-th  of  an  inch  long.   The  side  of 
the  vessel  in  which  the  water  stands  is  covered  with  another  precipitate 
quite  distinct,  not  flocculent  but  hard,  of  a  light  brown,  and  chiefly 
towards  that  side  of  the  vessel  which  is  exposed  to  a  moderate  light. 
This  precipitate  is  often  mistaken  for  oxide  of  iron,  which  it  strongly 
resembles,  and  to  which  it  may  probably  owe  its  colour ;  but  it  may  be 
known  to  differ  from  a  simple  oxide  by  the  addition  of  muriatic  acid, 
which  gives  it  a  beautiful  green  colour.    When  seen  through  the  micro- 
scope, the  colour  will  be  found  owing  to  the  little  dots  of  green  which 
mark  the  polygastric  character  of  these  animalcules.    These  little  crea- 
tures (chiefly  I  believe  the  "  Navicula  fulva")  are  covered  with  a  crust 
of  silica,  and  by  boiling  in  muriatic  acid  the  silica  may  be  separated  from 
the  other  portions  which  are  soluble.    In  this  way  phosphoric  acid,  lime, 
and  magnesia,  may  be  separated  with  ease ;  and  this  will,  I  think,  be 
found  one  of  the  best  modes  of  collecting  the  phosphoric  acid  from  water 
of  this  kind.  The  quantity  of  silica  is  very  great,  as  the  number  of  these 
little  loricated  animaleules  prove.    Life  of  this  kind  may  at  once  be  con- 
sidered as  a  proof  of  the  presence  of  all  those  elements  essential  to  animal 
life  generally,  as  these  animalcules  do  not  appear  unless  in  the  wreck  of 
other  animals  or  vegetables,  whose  requirements  as  to  food  are  well  known 
to  be  confined  to  certain  elements.    The  abundance  of  silica  is  not  from 
the  upper  part  of  the  Thames,  but  no  doubt  from  the  sewers,  proceeding 
from  the  decomposition  of  wheat,  oats,  &c.,  and  may  be  viewed  as  a 
necessary  consequence  of  the  consumption  of  bread  or  any  grasses  used 
by  cattle. 

There  is  then  a  great  deal  of  matter  in  a  state  capable  of  being  con- 
verted into  living  forms ;  this  matter  is  not  in  suspension  merely,  but  in 
solution  also.    A  large  quantity  of  organic  matter  is  precipitated  in 
contact  with  clay  and  mud  in  the  Thames,  but  a  great  deal  is  also  in 
clear  solution.    This  matter  must  be  organized,  of  course,  to  some  extent, 
and  probably  contains  albumen  ;  it  seems  to  me  that  it  is  albumen  which 
I  have  found  in  it,  certainly  a  body  much  resembling  it.    The  same  may 
he  obtained  where  many  large  animalcules  appear ;  probably  the  quantity 
will  be  found  the  same  whether  the  animalcules  be  formed  or  not.   The  ' 
clear  solution  becomes  a  mass  of  growth  very  soon,  if  the  matter  con- 
tained in  it  be  organisable.    Organic  matter  may  exist  in  a  state  in  which, 
even  under  favourable  circumstances,  animalcules  are  not  formed,  as  I 
have  found  to  be  the  case  with  some  kept  for  some  months  in  water.  A 
similar  thing  may  take  place  with  the  Thames  water  at  London  ;  if  kept 
in  close  jars  of  earthenware,  no  change  is  produced  in  the  organic  matter ; 
as  soon  as  removed  into  glass  bottles,  a  rapid  change  occurs,  and  a  lively 
scene  is  produced  of  animals  and  vegetables.    Kept  in  the  dark,  the 
water  dissolves  much  organic  matter,  and  becomes  yellow ;  the  water 
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-us  smhh  ^^'^^  ^^^^  \\'^'vc\^  matter  is  clear,  or,  in  other  wDrds,  the  dead  matter  is  to 
'  some  extent  soluble  in  water ;  living  matter  is,  of  course,  not  capable  of 
having  its  parts  broken  up  by  mere  water,  and  is  insoluble.  This  grow- 
ing of  plants  and  animals  is,  therefore,  a  good  mode  of  cleansing  water, 
when  space  and  time  are  abundant,  as  in  the  larger  operations  of  nature, 
but  unfitted  for  waterworks,  where  neither  are  very  ample.  The  mode 
of  cleansing  used  by  Water  Companies  is  one  employed  by  nature  also, 
as  ail  the  water  which  falls  on  the  soil  is  filtered  by  passing  through ; 
that  is  to  say,  it  first  becomes  exceedingly  impure,  being  filled  with 
matter  from  the  surface,  and  gives  a  part  of  this  out  again  in  passing 
through  the  soil.  Water  becomes  hard  very  rapidly  on  the  surface  of 
some  land,  and  it  is  strange  how  it  adheres  to  its  standard  of  hardness, 
remaining  for  a  great  part  of  the  year  the  very  same.  A  rapid  shower, 
producing  a  sudden  overflow  of  a  ditch  in  a  field,  was  found  to  be  com- 
posed of  water  of  12  degrees  of  hardness  and  16  grains  of  solid  matter 
to  a  gallon  ;  this  same  specimen  also  swarming  with  life. 

I  supposed,  and  others  have  done  so  also,  that  a  shower  would  produce 
a  stream  of  water  softer  than  what  slowly  trickled  through  the  ground  ; 
but  on  examining  the  water  at  Longendale  in  rainy  weather  it  had. 
actually  risen  2  degrees.  The  Thames  was  also  considerably  softer  in 
November,  1847,  after  some  dry  weather,  than  in  February,  1848,  after 
long  rain.  At  Chelsea,  in  November,  it  was  13*44  degrees  of  hardness, 
taking  2*75  grains  of  soap  test;  in  February,  14*94,  taking  302  grains. 
It  would  appear  that  rainy  weather  softened  the  ground,  and  so  made 
the  matter  more  soluble,  or  the  winter  frosts  broke  up  the  ground  and 
attained  the  same  end.  This  latter  reason  is  agreeable  to  the  general 
opinion  concerning  the  use  of  a  frost,  and  the  fact  may  also  be  taken  as 
a  corroboration  of  the  opinion.  The  hard  water  will,  of  course,  be  better 
able  to  feed  land  with  its  soluble  manures ;  or,  if  we  choose  to  express 
it  otherwise,  the  plants  will  more  readily  feed,  finding  the  food  more 
soluble. 

However  true  it  be  that  all  soil  filters  water,  it  is  no  less  true  that  any 
admixture  of  clay  is  detrimental.  The  clear  streams  are  found  in  rocky 
countries,  and,  as  was  before  mentioned,  and  well  known  generally,  on 
barren  land. 

We  have  seen  that  the  water  of  the  Thames  at  London,  is  capable  pf 
decomposing  with  the  disagreeable  products  alluded  to,  and  when  put  in 
casks  for  sea-use  we  hear  of  a  fermentation,  with  the  formation  of  nau- 
seous vapours,  and  of  an  inflammable  gas.  We  have  already  seen  that 
Priestley  found  inflammable  gas  from  organic  matter  decomposing  in 
water,  and,  in  fact,  it  is  a  thing  universally  observed.  Priestley  said, 
however,  what  is  not  so  much  observed,  that  the  air  from  the  decom- 
position of  a  cabbage  in  the  dark  was  inflammable,  whereas,  that  ni  the 
sun  produced  very  little  inflammable  air,  and  was  not  so  off'ensive  in 
smell.  The  fermentation  of  water  may,  in  fact,  be  looked  upon  as  a 
simple  proof  of  great  organic  impurity.  Organic  matter  ^ydl  decompose 
either  by  going  into  inorganic  gases,  as  in  the  dark,  or  into  organized 
bodies  of  anotlier  description,  if  there  be  light  to  favour  growth.  These 
considerations  bring  us  to  the  mode  of  storing  water,  and  of  supplying 
water  to  houses.  If  there  be  a  large  supply  of  water  in  a  reservoir,  it 
will  if  impure,  clear  itself  by  vegetation,  according  to  what  we  have  seen 
by  experiment,  and  as  is  seen  in  nature.    In  this  case  a  reservoir  must 
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not  be  underground,  but  in  the  light ;  strong  light  and  great  warmth  Dr.  Robert 

seem  too  much  to  assist  chemical  solution,  the  reservoirs  should  there-  °g'2s£mith 

fore  not  be  so  shallow  as  to  allow  this.  •  However,  there  are  probably  few 

cases  where  water  is  to  be  so  long  stored ;  as  to  the  usual  cases,  it  may 

be  said,  that  unless  long  storage  is  allowed,  it  is  better  that  there  should 

be  as  little  as  possible,  unless  the  water  is  to  be  filtered  before  delivery. 

The  reason  of  this  is,  that  the  course  of  purification  of  impure  water  is 

the  worst  state  of  all ;  even  filtered  water  will  not  bear  standing,  because 

it  also  tends  to  purify  itself  still  more  by  giving  out  in  some  form  or  other 

all  its  organic  contents ;  and  it  is  remarkable  how  the  apparently  purest 

water  will  deposit  impure  matter. 

The  same  thing  may  be  said  of  water  stored  on  a  smaller  scale,  as  for 
private  houses,  there  is  no  way  of  keeping  it  clear.  If  kept  dark  and 
cool,  the  change  is  retarded,  and  this  is  the  best  way  for  small  quantities. 
It  would  be  the  best  way  for  large  quantities,  also,  if  it  were  perfectly 
pure,  as  then  no  change  whatever  could  occur. 

But  even  when  water  is  to  be  kept  a  day  only,  there  is  an  objection  to 
cisterns  in  most  cases.  If  there  be  a  little  impurity  deposited,  the  daily 
increase  soon  makes  it  a  great  impurity ;  and  although  the  fact  of  the 
impurity  remaining  in  the  cistern  be  a  sufficient  proof  that  it  has  not 
been  drunk  or  otherwise  used,  yet  such  a  reservoir  of  impurity  is  con- 
stantly apt  to  be  giving  off  some  ofi"ensive  matter.  If  the  impurities  be 
of  the  kind  common  in  Thames  water,  and  in  the  water  of  many  of  the 
Companies,  or  in  the  Manchester  water,  or  that  of  some  other  towns,  they 
are  of  a  kind  capable  of  producing  animals  very  disgusting,  and  large 
enough  to  be  seen  sometimes  by  the  naked  eye.  If  even  nothing  but  a 
green  matter  is  perceptible,  this  is  unpleasing  in  itself,  besides  never 
being  alone,  but  inhabited  by  numerous  little  creatures  visible  with  a 
microscope,  although  not  so  disgusting  as  those  to  be  met  with  in  the 
flocculent  precipitate  of  the  Thames  water.  Underground  cisterns  in 
London,  when  supplied  with  very  pure  water,  contain  in  them  some  of 
the  most  disagreeable  of  these  living  forms  ;  and  although  apparently  a 
good  method  of  keeping  water  cool,  it  is  a  plan  to  which  the  impossibility 
of  cleaning  is  a  great  objection.  Even  stone  cisterns,  however  clean 
stone  in  itself  may  be,  are  often  filthy  receptacles  of  water,  for  which  not 
the  stone  but  the  water  is  to  blame.  If  wood  be  used,  pure  water  can 
never  be  obtained  ;  and  the  enormous  amount  of  crenic  acid  formed, 
with  the  peculiar  smell  of  rotten  wood,  which  happens  even  in  new 
barrels,  form  great  objections.  The  reddish  flocculent  matter  is  also  not 
without  inhabitants,  for  which  it  affords  a  good  shelter. 

If  I  come  to  the  conclusion  that  water  should  either  be  kept  in  large 
quantities  or  kept  constantly  running,  it  may  be  said  this  was  known  to 
every  one;  true,  but  when  this  happens,  it  is  the  business  of  science  to 
explain  why  it  is  so ;  and  if  this  be  not  done,  there  are  constantly  found 
some  who  deny  the  general  impression  until  a  proof  be  obtained. 

■Ur.  Clark,  who  has  done  so  much  towards  giving  the  country  in  general 
an  interest  in  the  purification  of  water,  advises  also  the  alkalinity  of  the 
water  to  be  taken  at  the  same  time  as  the  hardness.  I  have  found  it  more 
tTJt?t i^^^.  ^''^^  contents  in  a  gallon  of  water.  By  comparing 
ZIZZ  ^''^T^^^^^^f  s,  we  find  the  excess  of  impurities  not  affecting  the 
the  W  ^""^  ^""^^        alkalinity  also,  would  probably  be 

the  best  mode  of  treatment.    In  the  springs  at  the  source  of  the  Thames, 
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Uohaa  the  fixed  matter  and  the  hardness  are  equal,  or  nearly  so,  whilst  in  the 
usSmith  'pjjj^jjjeg  at  London,  the  fixed  matter  rises  as  high  as  26  grains  per  gallon, 
whilst  the  hardness  is  15  degrees.  This  gradual  increase  of  salts  not 
affecting  the  liardness,  is  a  good  indication  of  the  rate  of  impurity  in  the 
progress  of  the  river,  and  is  a  great  cause  of  making  it  a  less  agreeable 
draught. 

From  experiments  which  I  have  made  on  the  cause  of  vapidness  in 
water,  I  am  led  to  believe  that  the  salts  of  alkalies  are  some  of  the  most 
common  agents.  Dr.  Clark  has  shown  the  great  influence  of  temperature 
on  the  taste  of  water,  but  it  seemed  to  me  not  enough  to  explain  the  fre- 
quency of  the  occurrence  of  tasteless  water. 

.  Water  with  carbonic  acid  in  it  did  not  taste  vapid  when  raised  slowly 
to  100^  Fahr.,  the  acidity  being  sufficient  to  prevent  it,  as  I  believe. 

Lambeth  water  boiled  and  cooled  could  not  be  made  to  taste  as  well  as 
water  which  had  not  the  same  amount  of  salts  in  it. 

Pangbourne  water,  although  excellent,  when  boiled  down  so  as  to 
^turate  the  salts  which  are  not  precipitated  by  boiling,  tasted  even  when 
cooled  excessively  vapid. 

Soda-water  with  alkaline  salts,  when  boiled,  is  excessively  disagree- 

able. 

Twenty  grains  of  common  salt  cause  a  gallon  of  water  to  taste  vapid, 
and  two  grains  and  a-half  of  saltpetre  or  nitrate  of  potash  have  a  still 
stronger  effect. 

,  The  nitrate  of  lime  in  the  water  of  towns  mixed  with  the  common 
salt  gives  an  extremely  nauseous  taste  to  water,  and  causes  it  also  to  taste 
somewhat  soft,  although  possessing  such  a  large  amount  of  matter  as  I 
have  mentioned.  Acids  control  this  taste ;  carbonic  acid,  we  have  seen, 
prevents  vapidness.  A  few  drops  of  any  acid  render  water  pleasanter 
in  a  warm  day.  Acidity  is  strongly  allied  to  coolness  of  the  taste,  as 
general  experience  shows.  Acid  drops  and  oranges  in  hot  rooms  are  used 
for  this  reason,  and  vinegar  also  by  travellers  in  hot  climates.  A  few 
drops  of  any  acid,  vitriol,  for  example,  are  used  by  the  workmen  in 
chemical  works  to  improve  the  water  in  warm  weather. 

Alkalies  cause  water  to  appear  soft.  Beer  which  is  called  hard  is  acid, 
and  becomes  soft  by  adding  soda ;  this  is  common. 

The  salts  of  lime  seem  to  be  the  only  salts  which  do  not  easily  render 

water  disagreeable.  ^    i.    t  i  -j 

I  may  conclude  this  paper  with  a  short  summary  of  what  i  have  said 

about  water  and  air.  ■  ^^ 

Summary.~\.  That  the  pollution  of  air  in  crowded  rooms  is  really 

owing  to  organic  matter,  not  merely  carbonic  acid. 

2.  That  this  may  be  collected  from  the  lungs  or  breath,  and  from 

crowded  rooms  indifferently.  i  j  * 

3  That  it  is  capable  of  decomposition,  and  becomes  attached  to 

bodies  in  an  apartment,  where  it  probably  decomposes,  especially  when 

moisture  assists  it.  e         ■    ■  a 

4.  That  this  matter  has  a  strong  animal  smell,  first  of  perspiration,  and 
when  burnt,  of  compounds  of  protein,  and  that  its  power  of  supportmg 
the  life  of  animalcules,  proves  it  to  contain  the  usual  elements  ot  organized 

life.  .  , 

5  Organic  matter  of  dew  contains  less  nitrogen. 

6*  The  slightly  alkaUne  state  into  which  soil  is  put  at  certain  periods 
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of  the  year,  give  it  a  facility  for  emitting  vapours  ;  whilst  all  vapours  of  Dr.  Robert' 
water  from  organic  matter  contain  organic  matter.  Angug  Smith 

1'  Water  purifies  itself  from  organic  matter  in  various  ways ;  by 
forming  nitrates,  as  in  sewers,  and  in  the  neighbourhood  of  cesspools  and 
churchyards,  under  streets,  in  manured  grounds,  and  other  repositories  of  • 
organic  animal  matter. 

8.  This  may  be  done  in  a  laboratory  on  a  small  scale,  where  animal 
matter,  by  means  of  a  sand-filter,  may  be  converted  into  nitric  acid. 

9.  In  the  larger  operations  of  nature  the  carbon  also  is  oxidized. 

10.  Sulphuretted  hydrogen  is  also  oxidized  on  a  small  scale  by  a  filter, 
being  converted  into  sulphuric  acid. 

11.  A  filter,  therefore,  as  an  oxidizing  agent,  acts  in  proportion  to  its. 
cubic  contents. 

12.  Water  falling  on  the  surface  of  the  ground  gets  rapidly  saturated 
with  organic  matter;  but  in  passing  through  the  soil  gets  filtered,  and 
the  matter  oxidized,  making  the  porous  soil  and  the  air  the  great  agents 
of  purification  in  a  country ;  whilst  drainage  will  act  by  removing  organic 
impurity  as  well  as  mere  water. 

13.  AH  wells  near  houses,  and  all  wells  in  towns  contain  nitratesy 
which  may  be  easily  traced  to  sewers  or  accumulations  and  outlets-  of 
refuse. 

14.  The  alkaline  salts  of  towns  increase  the  vapidness  of  water.  They 
abound  in  river-water,  which  receives  the  refuse  of  towns,  and  cannot  be 
filtered  out.  The  difference  between  the  hardness  of  water  and  the 
amount  of  water  per  gallon  gives  a  measure  of  impurity,  as  it  indicates 
other  than  the  lime  salts,  whilst  the  lime  salts  affect  least  the  taste  of  the 
water. 

15.  A  slight  acidity  removes  vapidness,  and  produces  a  perception  of 
coolness  in  the  mouth. 

16.  Water  can  never  stand  long  with  advantage,  unless  on  a  very  large 
scale,  and  should  be  used  when  collected,  or  as  soon  as  filtered. 


On  the  SuRRET  Water  District.    By  Dr.  Robert  Angus  Smith. 

In  compliance  with  directions  from  the  Board  of  Health,  I  visited 
the  proposed  gathering  grounds  for  water,  which  are  situated  in 
Surrey,  stretching  from  Leith  Hill  on  the  south-east  of  Guildford,  to 
Frensham,  Farnham,  and  Alderholt  Wood,  on  the  west,  at  the  distance 
of  about  22  miles,  and  the  grounds  from  Thursley  to  Bagshot  on  the 
north,  including  the  district  of  Farnham  and  the  drainage  grounds  of 
■fcleet  Pond,  and  many  other  small  lakes,  or  ponds,  as  they  are  generally 
styled  in  the  neighbourhood.  In  such  an  extensive  district  there  are, 
ot  course,  many  streams  to  be  examined,  many  springs  and  bodies  of 
stagnant  water,  as  well  as  the  small  lakes,  which  are  constantly  filling 
ana  emptying  themselves,  keeping  up  a  fresh  supply  of  water.  All  these 
sources  and  deposits  of  water  received  from  me  such  attention  as  seemed 
necessary  and  compatible  with  the  conditions  of  time  and  circumstance.- 
but  rneTer?  "'^  P'-o^ince  to  find  out  a  new  supply  of  water  for  London^ 
««hnii1rl  ul  a  Pli^»  proposed,  it  was  not  necessary  that  I 

shouki  be  acquainted  with  all  the  water  around,  or  that  I  should  be 
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v^'iw  Smith        *°       ^^^^  X^^re.  was  no  drainage  ground  so  near  London  with  an 
ngus^mi    gqyj^iiy  good  supply. 

As  hard  water  was  found  to  flow  towards  London  from  the  north, 
the  south,  and  the  west,  it  was  my  belief,  and  probably  the  general 
belief,  that  there  was  no  chance  of  any  other  supply  whatever,  and 
Pangbourne  seemed  the  nearest  place  from  which  it  might  be  taken 
out  of  the  Thames  with  impunity.  But  as  Professor  Clark  has  shown 
that  the  objections  to  hard  water  are  sufficient  to  deter  any  town  from 
the  use  of  it,  the  river  water  of  the  whole  district  seemed  at  once  to  be 
put  out  of  the  question,  and  either  a  new  supply  was  to  be  sought  after, 
as  that  of  the  Surrey  district,  or  artificial  means  were  to  be  used  for 
rendering  the  river  water  soft.  The  state  of  the  water  inquiry  seemed 
then  to  be  fairly  represented  in  the  question :  Is  there  any  mode  of 
obtaining  naturally  soft  water  for  London,  or  must  we  use  river  water 
which  has  had  the  hardness  removed  by  artificial  means  ?  That  a  place 
should  have  been  found  hitherto  unthought  of  among  all  the  plans  for 
supplying  London  is  itself  sufficiently  remarkable,  and  deserves  the 
greatest  consideration,  as  it  at  once  obviates  all  the  difficulties  connected 
with  the  use  of  hard  water,  and  connected  with  the  means  of  artificially 
softening  water.  In  examining  the  grounds,  therefore,  I  have  been 
fully  impressed  with  the  importance  of  the  subject,  and  have  endea- 
voured to  give  as  simple  a  view  of  the  matter  as  possible.  I  know  that 
many  analyses  ought  to  have  been  given,  and  perhaps  some  persons 
would  like  a  complete  analysis  of  all  the  specimens,  but  this  I  have  not 
had  the  opportunity  of  doing. 

I  think  that  in  examining  water  the  most  important  points  are  to  know 
its  general  sensible  qualities,  next  its  hardness,  then  the  amount  of 
organic  and  inorganic  matter,  with  an  assurance  that  this  matter  con- 
tains nothing  deleterious.    It  may  be  necessary  to  remark  that  rain 
falling  on  chalk  dissolves  it,  and  renders  the  water  hard;  or  if  it  falls  on 
the  soil  containing  chalk  or  gypsum,  the  same  result  is  obtained.    If  it 
flows  over  land  containing  much  organic  matter,  a  solution  of  that  also 
takes  place,  and  thus  water  is  continually  exposed  to  agencies  which 
render  it  impure,  or  which  render  the  use  of  it  expensive.    This  latter, 
the  formation  of  hard  water,  is  the  case  in  most  if  not  in  all  the  low 
lands  of  England,  and  there  is  often  connected  with  it  a  considerable 
amount  of  organic  impurity  according  to  the  drainage  of  the  countr5\ 
In  the  hilly  parts  of  Wales  and  north  of  England  the  water  is  generally 
soft,  and  in  some  places  more  or  less  rendered  impure  by  the  organic 
matter  of  peat.    The  peaty  matter  on  the  hills  of  Lancashire  varies  from 
a  few  inches  to  a  few  feet  in  thickness ;  over  a  large  portion  of  the 
district  it  is  some  feet  thick.    The  silicious  rocks  give  water  of  the 
purest  kind,  as  the  silica  is  very  little  soluble,  and  if  there  are  any 
means  at  the  same  time  of  preventing  the  solution  of  organic  matter,  or 
of  removing  it  when  dissolved,  water  from  the  silicious  rocks  is  the  best 
that  can  be  procured.    The  district  proposed  in  Surrey  is  formed  almost 
entirely  of  sand,  shingle,  and  flints,  forming  a  silicious  stratum  on  which 
to  collect  the  water.    This  stratum  is  covered  in  most  places  by  a  slight 
covering  of  peat.    I  went  to  the  place  first  of  all  at  the  beginning  of 
April  1850,  the  weather  had  been  a  little  wet  previously,  but  was  fine  for 
a  part  of  the  time,  becoming  wet  for  two  days  again,  and  again  becoming 
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fine,  so  that  I  had  an  oi)portunity  of  seeing  the  ground  under  various  Dr.  Robert 

^  Angus  Smith 

aspects.  .....   

As  it  is  on  account  of  the  softness  especially  that  a  silicious  district 
is  preferred  to  a  chalk  one,  I  shall  first  put  down  the  degrees  of  hard- 
ness of  the  Surrey  grounds.  It  is  a  common  opinion  that  soft  water  is 
entirelv  imfit  for  domestic  purposes,  except  in  the  matter  of  washing,  this 
arises  from  the  habit  of  collecting  rain  water  from  the  roofs  of  houses  and 
elsewhere  into  barrels  or  very  imperfect  cisterns,  where  it  is  kept  until 
wanted.  Water  of  this  kind  generally  goes  by  the  name  of  soft  water, 
as  if  it  were  the  only  soft  water,  whereas  water  of  the  greatest  purity  and 
brilliancy  from  the  rocks  will  be  found  even  softer,  although,  from  its 
appearance,  it  would  probably,  by  many  persons,  be  considered  hard. 
This  common  opinion  is  not  surprising,  as  water  which  flows  for  a  long 
time  under  ground  or  flows  to  great  depths  generally  contracts  hardness 
and  brilliancy  at  the  same  time,  and  water  from  the  chalk  districts 
coming  through  such  strata  as  remove  the  chalk  thoroughly  has  a  very 
remarkable  brilliancy.  Beauty  and  hardness  hgve  therefore  become  con- 
nected, and  at  the  same  time  there  has  been  a  notion  that  softness  and 
vapidness  are  intimate.  Professor  Clark  has  shown  that  these  qualities 
stand  in  no  relation  to  each  other. 

There  is  a  district  in  Surrey  with  water  from  2  to  3  degrees  of  hard- 
ness, and  another  with  water  about  6  degrees ;  there  is  besides  that,  the 
river  Wey  and  also  an  occasional  brook  which  rise  to  hardness. 


Frimley,  opposite  Frimley  House 
Military  College 
Bagshot  Village 

Between  Bagshot  and  Chobham  Hill 
Parallel  with  the  road,  Chobham-lane 
Bourne  Brook,  near  Bisley  . 
Canal,  south  of  Bisley 
Bisley  Brook  , 
Henley  Park  . 
Mitchet  Pool  . 
Wharf  Pond  . 
Pirbright  Brook 
Standward  Farm 
Fleet  Pond  . 
Aldershot  Heath 
Beacon  Point  . 

Spring  in  the  Farnborough-road 
Cove  Brook 

Well,  above  Wrecklesham  . 
Brook  on  Holt  Common  . 
Holt  Pond 

West  of  the  Narrow  . 
East  of  the  Narrow  . 
Wey  at  Kingsley 

New  Inn  below  Kingsley 
Frensham  , 
Farnham 


Degrees 
of  Hardness. 

2-7 

1-8 
2-25 

1-5 

3 

5- 

4* 

5' 

3- 

5' 

5- 

6' 

5- 

5- 

1- 

2- 

5- 

3- 

4- 

2" 

3- 

7' 

2- 
13- 

9- 


6 
•4 

6 
•4 

1 

•6 
"1 

» 

1 
5 


14 


7 

5 
'7 
■8 
3 
7 
'8 
8 
5 
3 
8 
6 
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Wey  at  Tilford     •     .        .        .  . 

Stream  pond  at  Wishange  Down  . 

?  Well  at  Frensham  .... 

?  Stream  at  Fox  .... 

?  Spring  in  the  hill  above  Fox 

?  Stream  in  the  Tilford  and  Farnham-road 

Frensham  Large  Pond 

■  Little  Pond 

Abbot's  Pond  ..... 
?  Redhill  Brook,  Farnham  Common 
1st  Redhill  Green  .... 
2nd  ■  .... 


Degrees 
of  Ilariluess. 

6-T 

7' 
7' 
4' 
9 
5' 
5- 
8' 


•7 

•3 
•75 
3 

75 
•45 
5 

5-  25 

6-  9 

7-  3 

8-  7 


Perhaps  it  would  be  satisfactory,  as  a  means  of  comparing  this  wuth 
the  northern  supplies,  to  take  some  just  as  they  occur  in  my  note-book, 
EO  that  any  comparison  may  not  rest  merely  on  an  opinion  of  mine. 

Hardness  of  Waters  in  Lancashire,  and  part  of  YorJishire,  Derhy- 

shirCy  and  Cheshire. 


Blaclcstone  Edge,  large  reservoir,  near  the  high  road 
Canal  below  Littleborough  . 
Brook  flowing  to  Walsden  . 
Nearest  reservoir  on  Blackstone 
Longendale  specimens  . 
Coujb's  Reservoir 
Todd's  Brook  Reservoir 
Ashton  Canal  .  » 
Woodhead,  above  the  tunnel 
Etheran,  at  Had  field  . 

Spring  in  the  rock  at  Glossop  (Catholic  chape 
Peak  Forest  Canal  at  Whally 
Whally  Large  Stream 
Rossendale  Brook,  Macclesfield 
Macclesfield  Canal 
Wash  at  Hockham  Brook  . 
Peak  Forest  Canal,  at  Bagworth 
Todd's  Brook  Reservoir  at  another  time 
Comb's  Reservoir 

Feeder  from  Bosley  Reservoir  at  the  bridge 
Shell  Brook  . 
Todd's  Brook  at  the  Gauge. 
Comb's  Brook,  the  feeder  . 
Tunnel  water  at  Woodhead 
Armfield         .        .  • 
Darwkn  Waters: — 

Earnsdale  Brook  . 

Jack's  Key  Reservoir 

High  Lumb  Brook 

Whitehall  Brook  . 


Degrees 
of  Haidtiesg. 
1-5 

1-  8 
0  -61 

2-  5 

0-  9 
4-9 

2-  4 
9-7 

1-  8 

2-  27 

3-  2 

4-  7 

3-  7 
3' 
7' 
1 

6- 


■5 

'66 

•3 

■3 


l'8o 


9 
9 
8 
■2 
•4 
•5 
•1 


3* 

2-3 
1-5 
1-75 


On  Northern  Waters. 


103 


Bayfold  Brook  •  . 

Halley's  Brook 
Bolton  : — 

Water  at  Nabs      .  . 

Reservoir  at  Turton    '  . 

Stream  at  Greenarms,  Bolton-road 
Burnley: — 


'  Degrees 
of  Hardness. 

2-2 
1-75 


Dr.  Robert 
AijguK  Smitli 


36 
'27 
2 


large  extents  of  country, 
The  only  way  seems  to 


Huiiston      .        .        .  •        •        •  •  3*7      •  I 

Monkhall    .        .        .  •        •        •  •  1*25 

Clough.  Croft       .......  5^*  i 

Sweetwell    ,       .        .  3-5  ' 

Swinden      .        .       •  •  ■  .        .        .  .  8  * 

Thurs         .        .        .  •  .        .    •    .  .  2-7 

Well  at  Meadows  .        .  ...  .  12" 

Water  Company  in  1846  .        .        .  .  6*5 

These  are  tHe  softer  districts,  of  course  in  the  low  grounds  the  water 
rises  to  8,  12,  and  1(5  about  Manchester  and  Liverpool. 

A  well  at  Rainhill  .was  ..        .      ....  .  23* 

Stagnant  water  in  the  sandstone       .        .  .  8" 

Drainage  from  cultivated  land       .  .        .  •  12  "5 

Water  at  Sevenshulme    .        .        .        .  .  8 '4 

Stretford         .        .        .        .  .  15-5 

at  another  part    .        .  .  11*2 

The  variations  then  are  very  great  in  all 
and  this  variation  may  begin  very  suddenly 

be  to  pick  out  a  certain  district  having  the  desired  qualities,  and  fix  its 
boundary  according  to  the  limits  of  the  geological  formation.  We  see 
from  the  above  table  that  there  is  exceedingly  soft  water  on  the 
drainage  ground  around  the  Military  College,  Sandhurst,  on  Chobham 
Ridge,  on  Hungary  Hill  and  Beacon  Point,  on  to  Aldershot  Heath,  all 
the  drainage  ground  of  Covebrook,  and  most,  if  not  all,  of  the  drainage 
ground  of  Fleetpond,  Leith  Hill,  and  Hurtwood  Common,  and  the 
district  front  Elstead  to  Godalming,  whilst  on  all  the  rest  of  the  district 
the  average  seems  from  5  to  6  degrees,  \¥hich  may  also  be  called  soft 
water. 

It  might  be  well  to  inquire  here  what  the  cause  of  these  degrees  of 
hardness  really  is.  Water  falling  on  a  pure  sand  can  only  take  up 
silica;  in  all  the  instances,  however,  there  is  a  certain  quantity  of  lime 
found,  however  small  in  some  cases.  This  lime  comes  from  the  sand, 
which  therefore  is  not  a  pure  silica,  as  indeed  sand  seldom  is,  but  it 
contains  very  little  lime. 

I  allowed  water  of  10  degrees  of  hardness  to  stand  in  contact  with 
an  excess  of  the  lower  sand  of  the  Frensham  district,  that  is,  sand 
about  a  foot  below  the  surface ;  after  24  hours  it  had  risen  only  about 
a  quarter  of  a  degree  of  hardness. 

At  the  same  time  water  of  the  same  kind  was  allowed  to  stand  in 
contact  wuh  the  white  sand  of  the  surface,  containing  within  it  peaty 
matter,  and  it  rose  in  24  hours  to  6  degrees,  higher  by  a  quarter  of 
a  degree  than  the  pond. 

The  water  which  is  supplied  to  Farnham  comes  through  the  sand  at. 
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A»"ufSiu,  ^  "^^P^^      ^^^^"""^        ^"'i  soft  and  pure.    Some  of  the  finest 

° — _  water  of  the  district  was  got  at  Beacon  Pomt  after  passing  through  the 
sand  to  some  depth  and  coming  out  as  a  spring,  so  that  1  am  disposed 
to  think  that  where  there  is  hardness  the  nature  of  the  surface  merely, 
rather  than  of  the  sand  generally,  has  a  great  deal  to  do  with  it.  ' 

This,  then,  is  the  great  point  in  the  district,  that  the  water  runs  through 
sand,  which  can  give  it  very  little  hardness  in  any  portion  of  the  district 
and  in  many  parts  only  I  to  2  degrees. 

The  total  amount  of  inorganic  matter  contained  in  a  gallon  of  the 
waters  is  as  follows : — 

Grains. 

Frensham  Large  Pond  7-25 

Fleet  Pond  9-12 

Beacon  Point  Streams  2*76 

Aldershot  Heath  1-88 

Cove  Brook  6  "08 

Frensham  Little  Pond  8*88 

Abbot's  Pond  6 '48 

Henley  Park  4*8 

Frimley  Brook    .       .       .       .       ,       .       .  5-36 

Mitchel  Pond   .  5*72 

Redhill  Brook,  Farnham  Common  .  .  .  9*64 
Rye  Hill  Common  2-96 


Fleet  Pond  may  be  taken  as  a  specimen  of  the  water 
softest  districts,  which,  however,  in  its  flow,  has  become 
harder  than  the  springs  on  the  hills,  containing  the  same 

Sulphate  of  lime 
Carbonate  of  lime  . 
Silica  .... 
Sulphate  of  magnesia  . 
Sulphate  of  potash  . 
Chloride  of  sodium  . 


om  one  of  the 
considerably 
ngredients : — 
Grains. 

5.148 
1-80 
•25 
1-43 
•094 
•132 


8-854 


Also  a  little  carbonate  of.  soda,  and  a  trace  of  iron  scarcely  per- 
ceptible to  the  taste.  It  is  very  probable  that  by  evaporating  larger 
quantities,  and  making  a  minute  examination  other  salts  would  also 
have  been  found  in  minute  quantities.  In  the  Frensham  Pond,  there 
is  in  addition  to  the  usual  salts,  such  as  sulphate  of  lime,  carbonate  of 
lime,  and  chloride  of  sodium,  also  chloride  of  calcium.  It  must  be  a 
matter  of  very  little  importance  what  is  the  nature  of  the  salts  when 
they  are  so  low  as  2  or  3  grains  to  a  gallon. 

A  small  amount  of  alkaline  salts  is  a  very  important  point  in  rela- 
tion to  the  taste  of  water;  in  many  parts  the  whole  inorganic  matter, 
both  lime  and  alkaline  salts,  do  not  amount  to  more  than  between  two 
and  three  grains,  whilst  the  artesian  well  water  contains  above  60 
grains.  This  causes  the  water  at  Trafalgar-square  to  taste  exceedingly 
soft,  or  rather  oily  and  mawkish,  somewhat  like  soda  water  which  has 
been  boiled  and  lost  all  its  gas,  retaining  the  alkaline  salts,  which  have 
a  great  power  of  rendering  water  vapid.  The  Thames  water  taken 
high  up  the  river  has  also  the  advantage  in  an  eminent  degree  of 
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having  few  soluble  salts,  but  if  taken  down  the  river  the  salts  injure  ^^^^^^^^ 
the  water,  however  purified  by  filtration  or  precipitation.  I  believe  "s^™* 
this  is  a  prominent  reason  why  the  Chelsea  water,  which  is  supplied 
to  houses  frequently  very  clear,  is  still  to  water  drinkers  by  no 
means  agreeable.  It  contains  besides  the  salts  which  contribute  to 
hardness,  8*5  grains  per  gallon  of  inorganic  matter,  whilst  the  pure 
water  at  the  beginning  of  the  Thames  contains  none  whatever.  At 
London  Bridge  there  is  an  excess  in  the  water  of  17  grains  per  gallon 
not  contributing  to  the  hardness,  but  rendering  it  vapid,  however  much 
filtered  and  however  brilliant  in  appearance. 

The  presence  of  iron  in  water  is  a  great  objection,  I  am  not  aware  of 
any  reasons  for  the  objection  to  a  small  quantity,  except  those  reasons 
derived  from  taste  and  sight.  When  it  exists  as  it  does  in  the  state  of 
protoxide  dissolved  by  carbonic  acid,  the  taste  is  such  as  to  make  it 
unpleasant.  When  this  taste  is  removed  by  the  precipitation  of  the 
iron  in  the  form  of  peroxide,  the  colour  is  a  sufficient  objection,  the 
water  is  brownish  or  it  loses  its  brilliancy  ;  if  time  is  allowed  a  brown 
deposit  is  formed.  The  water  of  that  portion  of  the  district  from 
Farboreugh  to  Chobham,  has  a  distinct  taste  of  iron,  or  of  a  combina-  ~ 
tion  of  peat  and  iron,  in  some  places  one  and  in  some  the  other.  I 
had  said  to  Dr.  Playfair  that  I  beheved  the  district  to  be  very  limited 
where  water  was  found  having  iron  in  it ;  I  have  since  found,  how- 
ever, that  a  slight  taste  is  also  found  in  several  parts  of  the  grounds 
which  must  be  attributed  to  the  same  cause.  That  at  Bagshot  is  very 
distinct.  The  absolute  quantity  found  is  not  great;  the  quantity  in 
one  brook  where  the  taste  seemed  as  strong  as  in  any  part  was  only 
0*11  grains  per  gallon.  To  ascertain  the  taste  of  iron  in  water  I  tried 
a  few  experiments  with  sulphate  of  iron,  and  found  that  an  amount 
equal  to — 

•  16  grains  of  sulphate  of  iron  in  a  gallon  =  •  0414  of  the  protoxide 

could  be  tasted. 

•32  ,,  =  -0828  of  the  protoxide 

was  very  distinct. 

•64  =•  1656  of  the  protoxide 

was  very  disagreeable. 

Lest  there  should  be  any  difficulty  as  to  the  use  of  the  palate  as  a  test, 
I  tried  the  same  with  sulphuret  of  ammonia,  and  was  surprised  at  the 
similarity  of  the  results,  the  colour  being  distinct  at  the  same  strength 
at  which  the  taste  became  distinct.  With  '0414  of  the  protoxide  there 
is  a  scarcely  perceptible  browniiess  in  the  water  ;  with  -0828  there  is  a 
more  decided  brownness;  and  with  '16  there  is  a  brownness  which 
may  be  seen  without  seeking  any  peculiar  position  of  the  light. 

The  water  from  Henley  Park  deposited  '144  of  protoxide  of  iron  in 
the  state  of  peroxide  of  course ;  after  this  it  was  quite  free  from  any 
peculiar  taste,  and  was  excellent  water.  This  iron  was  not  free ;  when 
sulphuret  of  ammonia  acted  on  it,  it  was  not  instantly  blackened.  The 
amount  of  taste,  therefore,  was  not  equal  to  the  solution  of  the  same 
amount  by  itself,  some  iron  being  united  with  the  vegetable  matter, 
i  nere  was  a  good  deal  of  peaty  organic  matter  with  it,  both  had  fallen 
aown  together,  and  both  are  kept  in  suspension  by  the  same  cause. 
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^r-^^oLert      From  whatever  source  this  iron  comes,  and  whatever  be  its  disadvan- 
ngusSmith  tajres,  which  need  not  be  underrated,  tliey  are  removed  by  the  proper 
filtrations. 

In  examining  water  one  of  the  most  important  points  to  ascertain  is 
the  amount  of  org^anic  matter  contained  in  it.  The  quantity  shcnld  not 
be  perceptible  to  any  of  the  senses,  nor  should  it  be  susceptible  of  putre- 
factioii  or  capable  of  forming  animalcules.  Organic  matter,  like  in- 
organic, may  be  either  in  solution  or  out  of  solution,  a  very  small 
quantity  in  suspension  deprives  the  water  of  its  brilliancy ;  it  is  often 
found  in  this  state  in  the  surface  drainage  of  land.  If  the  organic 
matter  be  in  solution  it  is  important  to  know  first  of  all  what  kind  of 
matter  it  is.  The  word  organic  has  such  an  extensive  range  of  signifi- 
cation that  it  really  conveys  to  us  no  very  real  knowledge  when  applied 
in  this  way.  Sugar  or  oxalic  acid  would  both  be  treated  as  organic 
matter,  but  neither  would  cause  putrefactive  decomposition,  or  the 
formation  of  animalcules.  Creasote,  essential  oils,  and  many  other  sub- 
stances would  be  treated  as  organic  matter  whilst  they  are  opposed  to 
decomposition,  and  although  they  are  not  to  be  found  in  waters  such  as 
we  speak  of,  there  is  still  a  substance  not  unlike  them  in  its  properties — 
the  acid  of  peat,  Which  is  acknowledged  to  be  antiseptic,  and  which 
.  does  not  resolve  itself  into  living  forms.  Peaty  matter  is  therefore  not 
t^  be  confounded  with  the  highly  organizable  matter  found  in  river 
water  which  has  passed  towns.  Even  far  up  the  Thames,  where  the 
water  is  exceedingly  brilliant,  a  green  deposit  will  be  found  of  minute 
regetable  and  animal  life.  The  organic  matter  of  the  Thames  at  London 
falls  down  after  a  time  in  the  form  of  a  very  dirty  brown  slimy  mass, 
with  perhaps  a  little  green  in  it.  The  first  deposit  seems  enormous,  and 
one  feels  surprised  how  it  could  have  come  from  a  bottle  which  at  first 
appeared  to  have  nothing  in  it  but  water  somewhat  muddy.  If  this 
water  be  filtered  through  paper  so  as  to  appear  perfectly  clean,  and  again 
bottled  up,  it  soon  makes  another  deposit  not  so  filthy  in  appeaiaiice, 
greener,  and  more  like  vegetation  ;  the  sides  of  the  vessel  are  also 
covered  over  with  patches  of  animalcules,  and  the  battle  becomes 
darkened.  If  it  be  filtered  again,  the  action  will  still  go  on,  until 
nearly  all  the  organic  matter  is  worked  up,  at  least  all  the  organizable. 

I  said  in  one  paper  that  I  had  got  what  I  believed  to  be  albuminous 
matter,  or  at  least  proteine,  in  the  Thames  water,  and  Dr.  Hassall  has 
found  animal  fibre;  this  would  at  once  account  for  the  rapid  formation 
of  animalcules  did  we  not  know  already  that  the  organic  matter  of  the 
Thames  comes  from  a  source  which  must  render  putrefaction  exceed- 
ingly easy. 

A  solution  of  peat  however,  acid  or  alkaline,  will  keep,  as  far  as  I 
know,  any  length  of  time  without  alteration.  There  are  varieties  of 
peaty  matter  also  of  which  it  is  unnecessary  to  speak ;  some  deposit 
more  green  matter  than  others,  but  generally  a  very  small  quantity, 
and  the  peat  itself  cannot  form  animalcules.  We  may  know  mdeed 
from  the  composition  of  the  matter  in  water  whether  animalcules  may 
be  formed ;  they  seem  to  have  the  same  cliernical  composition  as  ani- 
mals live  on  the  same  nitrogenous  substances,  and  are  subject  to 
very  much  the  same  laws.  Spallanzani  says,  "  Too  much  heat  destroys 
animal  life,  and  animalcula  die  about  the  same  degree  ot  heat  (as 
leeches,  worms,  and  tadpoles),  106',  108',  or  111^. 
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"All  animalcula  are  not  alike  afFecled  by  cold.  Some  die  at  freezing;, 
or  a  degree  not  much  greater,  others  survive  at  10  degrees.  The 
odours  and  liquids  that  are  a  virulent  poison  to  insects,  are  the  same  to 
animalcula.  Such  is  the  odour  of  camphor,  the  fumes  of  turpentine, 
sulphur,  and  tobacco  ;  oleaginous,  spirituous,  and  saline  liquids  are- 
equally  destructive.  The  electric  spark  is  a  thunderbolt  to  both. 
Agents  slowly  destructive  of  infusion  animalcula  are  likewise  fatal  to 
insects,  such  as  the  vacuum  of  an  air-pump." 

As  these  great  objections  to  Thames  water  are,  in  fact,  like  animals, 
and  live  on  what  other  animals  live,  we  shall  get  rid  of  them  entirely 
by  using  water  from  a  district  where  there  is  no  food  for  them,)f 
water  which  contains  only  peaty  matter,  which  does  not  feed  them. 
In  saying  this,  I  do  not  mean  to  say  that  there  are  no  animalcules  to 
be  found  in  the  district  in  question  ;  I  saw  a  pond  on  the  heath  with 
abundance,  but  the  water  which  I  have  had  has  deposited  as  few  as 
any  water  from  any  district  can  be  expected  to  do.    There  is  a  kind  of 
popular  fallacy  in  connexion  with  animalcules,  arising  out  of  some 
notions  once  prevalent  and  now  not  entirely  exploded,  that  there  is  no 
place  without  life  in  it,  and  that  the  elements  themselves  may  be  formed 
of  active  living  points.    But  as  far  as  good  water  is  concerned,  there 
is  no  necessity  for  any  such  theory  ;  no  microscope  can  see  anything 
in  it,  and  no  one,  not  even  a  Brahmin,  need  be  afraid  that  he  is 
drinking  living  creatures.    There  ought  to  be  none  at  all  in  our  food 
or  in  our  drink,  and  one  of  the  most  important  things  is  to  have  water 
in  which  there  is  nothing  liable  to  form  them. 

There  seems  to  be  no  very  satisfactory  way  of  getting  at  the  amount 
of  organic  matter  when  it  is  in  very  small  quantities  in  water,  at  least 
a  theoretical  perfection  is  wanting  in  the  process,  but  a  practical  per- 
fection is  easily  attained  by  simply  boiling  down  the  water,  drying  the 
residue,  and  burning  the  result.  The  uniformity  of  results  got  in  this 
way  is  such  as  cannot  be  surpassed.  The  quantity  is  too  small  gene- 
rally to  make  it  possible  to  make  an  organic  analysis  with  oxide  of 
copper  in  the  ordinary  way,  and  the  result  got  in  that  way  would  be  of 
no  advantage  to  us.  It  is  sufficient  to  get  the  quantity  by  burning  off, 
and  to  get  the  quality  by  seeing  the  results  after  keeping  it  for  a  suf- 
ficient length  of  time.  The  peaty  matter  got  in  this  way  is  the  fol- 
lowing : — 

Grains  in  a  gallon. 


Frensham  Large  Pond  .  .  .  '7 

Fleet  Pond  .        .        .  .  .1-32 

Wharf  Pond         .        .  .  .2-36 

Beacon  Point  Springs    .  .  .  '76 

Cove  Brook .        .        .  .  .  '36 

Frensham  Little  Pond    .  .  .  1"76 

Abbot's  Pond       .        .  .  .1-68 

Henley  Park        .        .  .  .3-32 

Frimley  2  "24 

Mitchel  Pond  .  .  .  .1-68 
Uedhvll  Brook,  Farnham  Common  .  2-86 

Way  at  Frensham  .         .  .  .  2*44 

Stream  at  Bagshot         .  ,  .  6*20 
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Kni^t:^k     ^  mentioned  to  Dr.  Playfair  that  three  grains  was  the  highest;  it 
—      appears  that  there  is  an  exception  here.    It  is  clear,  however,  that 
there  IS  very  little.    I  may  mention  that  all  the  waters  have  stood  a 
suHicient  time  to  form  any  deposit  that  might  be  likely  to  take  place  ; 
some  collected  in  warm  weather  in  May  and  some  in  April, 

As,  I  believe,  these  are  the  chief  points  about  the  water,  the  soft- 
ness,  the  amount  of  matter  in  the  water,  the  amount  of  organic  matter, 
and  the  nature  of  the  organic  matter,  it  is  only  now  necessary  that  I 
should  speak  of  any  difficulties  rising  out  of  any  of  these  points.  Mud- 
diness  or  opacity  of  any  kind  will  not  require  to  be  dealt  with,  the 
water  seems  all  clear,  indeed  it  is  almost  proverbial  that  water  in  sand 
IS  always  clear.  This  is,  no  doubt,  partly  owing  to  the  fact  that  water 
which  is  not  clear  would  soon  deposit  so  much  of  what  it  has  in  sus- 
pension as  to  cover  the  sand  which  forms  the  bed  ;  if  sand  is  seen  clear 
at  the  bottom,  and  if  it  keeps  clear  constantly,  it  may  be  a  proof  rather 
that  the  water  comes  to  it  clear.  If,  however,  water  falls  on  sand,  the 
particles  are  too  heavy  to  allow  of  their  being  kept  in  suspension,  and 
the  water  passes  off  clear.  If  it  falls  upon  sand  mixed  with  clay,  or 
with  fine  particles  hable  to  be  kept  in  suspension,  it  soon  washes  them 
out,  and  the  water  on  the  free  sand  becomes  again  clear. 

But  the  other  reason  that  sand  actually  clears  water  is  one  which 
deserves  the  most  attention,  and  all  the  filters  in  the  country  are  a  suf- 
ficient proof  of  the  fact.  If  a  stratum  of  soil  through  which  water 
passes  in  a  muddy  state  be  put  on  a  stratum  of  sand,  and  the  water 
passed  slowly  through,  the  soil  is  not  carried  through  the  sand,  but  the 
water  passes  through  perfectly  clear.  The  water  passing  slowly 
through  soil  alone,  at  a  sufficient  depth,  comes  out  of  drains  perfectly  clear. 

The  Bagshot  waters  are  known  to  contain  iron  to  some  extent,  as 
Dr.  Playfair  has  mentioned ;  but  it  is  not  always  the  case  even  with  the 
surface  water.  Taking  the  whole  extent  of  the  district  under  examination, 
it  is  not  common  to  taste  iron.  This  metal  can  only  be  objected  to 
when  it  is  in  a  sufficient  quantity  to  affect  the  taste.  This  occurs  in 
what  is  properly  called  the  Bagshot  portion  of  the  district.  The  iron 
cannot  always  be  detected  by  the  taste,  because,  I  believe,  it  is  united 
with  a  peaty  acid,  and  the  taste  of  both  is  in  many  cases  very  peculiar. 
The  conjunction  of  the  peat  and  the  iron  shows  (hat  the  water  obtains 
this  taste  at  the  surface,  and  that  it  is  surface-water  which  tastes  in  this 
way.  It  is  only  in  some  places  where  there  is  any  colour,  the  quantity 
being  really  very  small,  but  as  it  can  be  tasted,  it  must  of  course  be 
remedied  if  possible.  If  we  follow  any  .  of  these  brooks  downwards,  we 
find  that  there  is  a  continually  brownish  deposit  going  forwards,  and 
the  taste  gradually  disappears.  The  united  peaty  matter  and  iron  are 
probably  kept  in  solution  by  the  same  cause  which  keeps  protoxide  of 
iron  in  solution,  and  when  the  carbonic  acid  is  dissipated,  or  when 
the  iron  becomes  oxidized,  the  peroxide  falls  down.  This  is  then  a 
lesson  as  to  the  mode  of  purifying  the  water. 

It  has  been  said  also  that  the  sand  absorbs  a  great  deal  of  water, 
and  that  it  afterwards  comes  out  in  various  places  according  as  it  meets 
with  impervious  strata  forming  numerous  ponds.  If  this  be  so,  the 
ponds  will  consist  of  water  which  has  come  through  a  considerable 
extent  of  sand,  of  underdrain  water  in  fact,  and  this  will  account  for  the 
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water  in  these  cases  having  less  of  any  peculiar  taste.    I  think  it  might  Robert^ 

be  shown  that  wherever  there  is  any  taste  of  peat  or  of  iron  it  is  from   

surface-water. 

The  best  proof  of  this  will  be  found  in  the  following  instances.  A 
stream  at  Redburn  Green  had  a  bad  taste  from  the  above  causes,  an- 
other stream  running  parallel,  and  about  a  hundred  yards  from  it,  was 
very  pleasant  to  drink.  This  second  one  was  traced  up  to  springs 
issuino-  from  the  sand  on  the  side  of  the  hill. 

At  Beacon  Point,  the  water  which  runs  through  the  sand  is  not  only 
pure  in  colour  and  taste,  but  also  in  softness.  On  Hungary  Hill 
and  the  neighbourhood  there  are  numerous  instances,  and  it  seems  a 
o-eneral  rule.  On  Chobham  ridge  also  the  water  which  has  a  colour  and 
taste  is  taken  down  to  the  sand,  and  issues  again  from  a  hill,  where  it 
is  clear  and  pure.  The  under-drainage  of  the  district  is  known  there- 
fore to  give  pure  water,  and  as  a  supply  for  any  town  would,  in  all  the 
cases  seen  by  me,  be  very  desirable. 

The  power  of  sand  to  purify  water  is  really  very  great ;  I  tried  a 
few  experiments  upon  it  which  I  may  as  well  mention.  A  strong 
alkaline  solution  of  peat  was  made  and  passed  through  sand,  the  water 
came  through  clear,  retaining  only  a  taste  of  the  earthy  portion  of  the 
sand.  The  solution  was  strong  enough  to  show  colour  through  the 
twentieth  part  of  an  inch.  Adding  acetic  acid  to  this  ammoniacal 
solution  until  it  becomes  acid,  gives  an  acid  solution  of  peat ;  it  is  pre- 
cipitated by  some  acids.  This  solution  came  through  the  sand  equally 
clear.  In  both  instances  the  matter  was  in  perfect  solution.  As  the 
action  does  not  refer  either  to  acids  or  alkalies,  it  seems  probable  that 
there  is  here  an  action  independent  of  the  ordinary  chemical  affinities, 
but  as  far  as  the  jmrifying  of  water  is  concerned,  it  is  enough  to  know 
that  it  is  a  fact.  Pounded  bricks  acted  equally  well,  also  oxide  of  iron 
and  oxide  of  manganese.  Indeed  every  chemist  must  have  perceived 
how  beautifully  some  precipitates  may  be  washed,  and  how  pure  the 
filtrate  is  which  comes  from  them  without  any  especial  attention ; 
amongst  these  oxide  of  iron  and  alumina  are  conspicuous,  whilst  others 
require  many  precautions,  and  several  are  entirely  unmanageable,  that 
is,  they  cannot  be  washed  with  pure  water  at  all. 

It  would  not  be  correct  to  say  that  sand  is  the  most  powerful  filterer 
in  proportion  to  its  bulk,  it  is  too  coarse  generally  to  act  except  when 
there  are  large  quantities,  and  other  substances  purify  the  water,  using 
much  smaller  quantities.    It  is  however  so  general,  and  it  is  used  iu 
nature  for  purifying  water  so  frequently,  that  it  deserves  most  attention. 
The  sand  requires  to  be  of  considerable  thickness,  at  least  so  that  the 
water  does  not  run  too  fast  off,  but  at  the  same  time  nearly  all  the  impu- 
rities removed  will  be  found  on  the  surface  of  the  filter.    In  order  to 
try  the  effects  of  filtration,  I  used  strong  sulphuric  acid  in  which  pieces 
of  wood  had  been  soaked,  so  that  it  was  exceedingly  black,  thinking  by 
the  strength  of  the  acid  to  overcome  all  action  which  a  filter  might  have 
but  the  acid  came  through  very  pure,  and  left  the  upper  part  of  the  filter 
with  a  dark  film,  where  all  the  colouring  matter  had  been  deposited. 
The  same  was  tried  with  muriatic  acid,  which  had  been  rendered  impure 
by  some  vegetable  matter,  and  which  did  not  deposit  by  any  amount  of 
mere  standing.    The  acid  came  through  brilliant.   The  filtration  of  acid 
liquids  in  this  way  is  an  old  process ;  it  is  given  in  an  early  edition  of 
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A^guSuh  Pf'^  Dictionary  of  Chemistry,  where  po.inded  glass  is  recommended  ; 

 but  1  do  not  think  it  has  been  used  for  matter  in  solution. 

Percolation  through  a  porous  stratum  is  capable,  in  fact,  of  removing- 
any  amount  of  organic  impurities  from  water,  as  the  universal  admi- 
ration of  spring  water  sufficiently  shows,  and  this  removal  of  the 
organic  matter  which  is  an  objection  to  surface-water,  has  generally 
been  considered  a  sufficient  compensation  for  the  inorganic  matter  and 
hardness  which  it  has  acquired  in  the  process,  by  going  down  to  great 
depths  and  remaining  a  long  time.  It  is  true,  that  to  "remove  the  last 
traces  of  organic  matter,  seems  to  require  that  the  percolation  be  con- 
tinued a  considerable  length  of  time  or  space;  it  happens  here  as  in 
other  cases,  that  the  purity  is  according  to  the  extent  of  the  process  of 
purification. 

It  may  seem,  however,  that  the  very  word  cre7iic  acid  is  a  proof  that 
wells  have  organic  matter  in  them  of  necessity  ;  cre7iic  implying  that  it 
has  its  source  in  wells,  but  they  differ  very  much  among  themselves,  from 
the  impure  well  badly  filtered,  to  the  pure  well  with  scarce  a  trace  of 
organic  matter  to  be  found.  There  are  cases  in  which  organic  matter  comes 
from  under  the  surface,  but  they  are  not  legitimate  exceptions.  Some- 
times there  is  a  stream  of  water  instead  of  a  percolation,  there  are  cases 
where  vegetation  has  come  up,  and  even  fishes ;  many  cases  of  bitumen 
and  naphtha,  which  are  also  organic  substances,  not  coming  within  the 
scope  of  our  subject. 

I  shall  describe  the  state  of  the  heath  as  far  as  relates  to  natural 
means  for  purifying  the  water.  The  district  is  covered  by  sand  or  by 
shingle  if  It  may  so  be  called.  This  sand  is  of  a  reddish  brown,  and 
in  some  places  has  a  considerable  depth.  On  the  surface  is  heath.  The 
upper  layer  forming  the  soil  of  the  heath  is  composed  of  peaty  matter 
and  sand  ;  the  peaty  matter  gives  the  blackness.  When  the  peat  is 
washed  away,  the  sand  is  found  to  be  of  a  pure  white.  In  many  cases 
where  the  plants  have  been  removed,  and  the  rain  has  begun  to  wash 
away  the  fine  peat,  leaving  the  white  sand,  the  mixture  of  the  two  gives 
a  peculiar  colour  to  the  ground,  a  grey  with  a  tinge  of  purple  in  the 
distance.  Sometimes  the  peat  is  found  entirely  removed,  and  then  the 
sand  or  flints  are  found  perfectly  white,  shining  on  the  surface.  The 
reddish  sand  hes  immediately  under  it,  and  this  effect  has  been  produced 
merely  by  taking  off  a  few  inches,  a  mere  scraping  from  the  surface.  The 
sand  of  the  surface  mixed  with  the  peat  is  evidently  washed  white  by 
the  acid  of  the  peat,  audit  is  remarkable  how  decided  this  line  of  while 
and  red  is  over  the  district.  The  sod  is  such  a  good  filter  that  none  of 
the  acid  goes  much  below  the  surface,  so  that  there  is  no  white  sand  to  be 
found  above  a  few  inches  deep,  generally,  as  far  as  I  saw,  about  eight 
inches  ;  although  there  were  cases  where  it  was  not  so  deep,  and  also 
cases  where  it  was  two  feet  deep.  As  the  upper  sand  must  retain 
water  having  matter  in  solution  to  cause  this  whiteness,  so  the  under 
sand  not  being  acted  on,  it  must  be  penetrated  by  water  having  no 
such  matter  in  solution.  Jt  follows  that  the  peaty  matter  must  get 
filtered  out  of  the  water  before  it  passes  from  the  upper  layer  to  the 
under  layer.  It  is  then  an  interesting  fact  that  at  the  junction  there  is 
a  blackness,  a  black  line  in  fact  running  along  under  the  surface, 
having  white  sand  above  and  red  sand  below,  it  is  in  fact  the  line  of 
filtration.    It  is  an  old  remark  that  humus  acts  as  a  charcoal  filter; 
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although  its  action  here,  except  as  a  strainer,  is  difficult  to  understand,  ^^^f^^,^ 
the  soil  does  seem  to  be  formed  of  a  mixed  charcoal  and  sand  falter  _ 
which  does  its  work  very  effectively  all  over  the  district. 

The  sand  above  is  found  to  be  saturated  with  water,  while  the  lower 
sand,  not  more  than  a  couple  of  inches  from  it,  is  only  damp ;  showing, 
that  the  water  passes  through  very  slowly,  and  so  has  time  to  undergo  the 
process  of  filtration,  which  is  not  a  mere  straining  through  a  sieve,  but 
an  act  of  purification.  The  black  line,  which  is  an  accumulation  of 
carbonaceous  matter,  is  a  considerable  hindrance  to  the  passage  of  the 
water.  This  will  perhaps  account  for  the  great  part  of  the  water  in  the 
streams,  at  least  in  the  Bagshot  district,  being  surface-water,  as  the 
water  will  have  a  greater  facility  for  moving  forward  above  the  Ime  of 
filtration.  If  the  water  in  the  ponds  is  in  many  cases  water  which  has 
passed  through  the  soil,  and  been  thrown  up  by  impervious  formations, 
it  will  account  for  the  greater  freedom  from  a  peaty  taste,  and  also-  for  a 
greater  hardness  than  is  found  in  the  streams. 

It  might  be  asked  if  this  filtering  removes  the  iron,  and  the  answer 
is  already  to  be  found  in  the  wells  and  springs;  if  the  iron  is  in  com- 
bination, as  I  believe  it  is  in  most  cases,  with  peaty  matter,  they  will  be 
removed  together.  At  any  rate  they  are  both  removed.  Professor  Way 
has  removed  many  inorganic  salts  by  clay  and  soil,  and  shown  that  they 
are  absorbed  by  clay,  especially  in  great  abundance. 

But  to  obtain  these  results,  the  water  must  be  allowed  to  pass  through 
the  upper  stratum,  and  thus  the  filter,  instead  of  occupying  only  a  few 
acres,  straining  the  water  from  its  grosser  impurities,  will  be  a  thorough 
natural  purifier,  where  the  water  will  be  elaborately  cleansed  by  the 
ordinary  natural  processes  which  form  the  best  spring-water.  The 
water  in  that  case  will  not  be  allowed  to  stand  so  long  on  the  surface, 
and  become  impure  in  contact  with  the  surface  ;  this  will  prevent  evapo- 
ration such  as  occurs  in  some  parts  of  the  district  where  there  is  stagnant 
water,  it  will  also  prevent  the  necessity  of  extensive  artificial  filtration, 
which  the  use  of  this  natural  filter  will  to  a  great  extent,  if  not  entirely, 
supersede.    As  to  whether  it  will  be  in  some  measure  lost  in  passing 
through  the  sand,  this  is  a  point  which  does  not  come  under  my  expe- 
rience.   I  wish  to  show,  as  I  had  occasion  in  a  former  paper  to  say,  that 
when  such  impurities  are  to  be  removed,  "  soil  is  the  largest  natural 
disinfectant,  and,  in  conjunction  with  air  and  water,  is  the  most  efficient 
of  all,  especially  if  the  land  be  drained."    And  as  soil  removes  organic 
matter  from  solutions,  it  removes  also,  at  a  certain  depth,  what  the 
water  has  received  in  contact  with  the  organic  matter  of  the  soil  itself. 
If  the  processes  at  Hungary  Hill,  Leith  Hill,  &c.,  are  copied,  a  great 
portion  of  the  water  when  collected  will  be  equal  to  what  is  obtained 
there  at  present;  in  which  case  a  better  product  can  scarcely  be  desired, 
and  very  few  places  can  furnish  an  equal  supply.    It  will,  of  course, 
■be  much  superior  to  what  Manchester  is  now  receiving,  and  it  will  be 
equal  to  a  great  part  of  the  district  from  which  it  will  receive  water. 

It  must  be  left  to  experiment  to  settle  whether  the  turf  should,  be 
pared,  in  order  to  improve  the  water,  or  if  this  would  cause  a  loss  of 
water.  I  do  not  know  the  quantity,  but  in  many  parts  there  is  certainly 
a  great  lack  of  streams.  If  the  water  flows  into  the  ponds  by  any 
under-ground  channel,  this  lack  of  streams  is  a  great  advantage  ;  if  it  is 
lost,  It  is  a  disadvantage,  of  course.    As  it  appears  from  the  quality  of 
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M Sh      streams,  that  the  water  is  chiefly  surface  water,  the  lack  of  streams 

"   lu  some  parts  may  be  due  to  the  rapid  surface  draining  of  the  ground, 

which  again  becomes  an  advantage,  increasing  the  facilities  for  col- 


lecting. 


The  great  object,  however,  of  going  to  this  district,  as  far  as  I  know, 
is  to  find  soft  water;  the  actual  quantity  of  hard  water  could  be  sup- 
plied to  London  from  several  sources.  The  greatest  hardness  here  is 
about  six  degrees ;  there  is  little  water  above  that  point.  The  applica- 
tion of  artificial  means  to  soften  the  water  from  hard-water  rivers  could 
not,  I  believe,  bring  it  lower  than  this.  We  have  then  here  prepared 
what  would  otherwise  require  artificial  preparation  if  the  water  were 
taken  from  the  Thames.  The  mode  of  purifying  by  lime,  which  is 
Professor  Clark's  process,  has  been  tried  frequently,  and  always  with 
advantage,  but  then  never  in  such  enormous  quantities  as  London  will 
want.  The  lime  removes  the  excess  of  lime  in  the  water,  where  it 
exists  as  carbonate,  and  the  organic  matter  also  is  taken  down,  leaving 
the  water  as  clear  as  can  be  wished.  Indeed,  the  water  from  lime  dis- 
tricts is  often  remarkably  clear ;  nothing  can  be  wanted  finer  than  the 
Thames  at  its  sources  as  far  as  this  quality  is  concerned.  The  wells  of 
chalk  districts  are  sometimes  very  strikingly  superior  to  those  of  the 
neighbouring  districts,  and  possess  a  brilliancy  not  easily  attained  other- 
wise. It  is  astonishing  what  an  amount  of  matter  of  every  kind  is 
removed  by  the  lime;  the  fine  particles  which  cannot  be  seen,  but 
only  cause  a  dulness  in  water,  are  rapidly  dragged  down  with  it,  and 
stray  vegetation,  animalcules,  and  filaments  of  various  kinds,  are  rapidly 
made  to  sink. 

Professor  Clark  has  shown  that  there  is  very  little,  if  any,  excess  of 
carbonic  acid  in  river-water,  and  that  the  water  would  therefore  not  lose 
any  of  its  carbonated  nature  by  his  process.  There  is  an  excess,  how- 
ever, of  carbonic  acid  in  well-water,  and  sometimes  to  a  considerable 
extent.  The  same  will  probably  be  the  case  in  water  well  filtered 
through  a  sandy  soil,  which  will  in  fact  be  well-water,  or,  as  we  may 
call  it,  artificial  spring-  water.  This  term  was  used  by  Marshall  to 
designate  rain-water  which  had  been  passed  through  a  bed  of  sand, 
and  made  more  palatable — a  mode  which  he  recommended  to  farmers 
as  valuable  for  cattle,  being  both  agreeable  to  the  taste,  and  more  whole- 
some than  hard  waters.  There  will  be  an  advantage  in  favour  of  the 
natural  process  without  the  lime. 

As  far  as  air  is  concerned,  river- water  will  probably  contain  much  the 
same  quantity,  or  at  least  not  less  after  liming  than  before.  A  quantity 
was  tried,  by  raising  the  temperature  of  the  water  slowly,  until  bubbles 
of  air  appeared  on  the  sides  of  the  vessel  and  bulb  of  the  thermometer; 
these  were  generally  very  distinct  at  about  70°  in  both  specimens.  A 
very  good  mode  of  very  readily  trying  the  aeration  of  water,  as  far  as 
oxygen  is  concerned,  is  the  use  of  sulphate  of  the  protoxide  of  iron. 
This  salt  oxidizes  very  rapidly,  and  leaves  a  deposit  of  peroxide  of  iron 
in  a  yellowish  state.  If  water  is  boiled  previously  it  does  not  oxidize, 
but  remains  perfectly  clear.  A  little  practice  with  this  mode  of  testing- 
will  give  a  very  clear  idea  of  the  amount  of  oxidation  of  water.  If 
the  weight  is  required  accurately,  it  is,  of  course,  subject  to  an  error. 
When  water  is  thoroughly  deprived  of  its  oxygen  in  this  way,  protoxide 
of  iron  may  be  precipitated  in  it  of  a  pure  white;  this  protoxide,  if  put 
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at  the  bottom  of  a  vessel  of  water  deprived  of  oxygen,  will  show  how  ^'^^•fg'^"*, 

rapidly  the  water  absorbs  it.    In  10  minutes  a  change  will  be  found  to   

take  place. 

However  valuable  the  process  of  Dr.  Clark  may  be,  all  will  allow  that, 
if  it  can  be  left  out  without  loss,  it  will  be  an  advantage  to  do  so.  The 
advantage  of  using  a  natural  supply,  instead  of  one  requiring  prepara- 
tion, must  always  be  great;  the  labour  of  the  manufacture,  and  the  risk 
of  mistakes,  being  reasons  enough.  I  have  no  wish  to  speak  against 
Professor  Clark's  process,  having  seen  several  remarkable  instances  of 
its  value.  I  must  be  excused,  however,  for  preferring  simplicity  when 
it  can  be  got.  This  and  some  other  questions  might  readily  be 
answered  by  experiments  which  private  individuals  cannot  make. 

For  the  same  reason,  it  will  be  important  that  water  should  be  put 
into  reservoirs  in  a  state  of  purity,  and  it  will  not  require  any  after- 
purification,  or  at  least  very  little.  Water  which  is  perfectly  pure  cannot 
corrupt.  The  water  which  does  cause  the  growth  of  great  numbers  of 
animalcules  and  much  vegetation  cannot  be  in  a  pure  state,  and  the 
formation  of  these  bodies  is  a  removal  of  the  evil  by  making  the  im- 
pure matter  insoluble.  Well-water  or  spring-water,  passed  through 
inorganic  strata  for  a  sufficient  length  to  destroy  the  organic  matter 
does  not  trouble  us  by  growths  of  any  kind ;  river-water,  coming  over 
the  surface  of  the  ground,  does,  however,  often  cause  immense  masses  of 
vegetation.  The  same  clearness  is  preserved  when  water  has  peaty 
matter  only  in  it.  There  is  no  vegetation,  or  very  little.  Sometimes 
the  stones  remain  clear  for  years  ]  there  are  cases,  however,  of  green 
matter  forming,  probably  when  the  peat  is  mixed  with  other  vegetation, 
which  affords  materials  for  the  growth  of  new  forms.  Water  bubbling 
from  underground  may  be  kept  in  the  dark  in  a  stoppered  bottle  with- 
out change ;  but  river-water,  or  water  having  organizable  matter  in  it, 
will  not  keep  so.  It  will  form  vegetation  first,  at  least  in  the  light, 
and  afterwards,  if  the  same  vegetation  be  kept  in  it,  it  becomes  putrid,  i 
dissolves  to  some  extent  in  the  water,  and  becomes  very  nauseous  both 
to  the  taste  and  smell.  If  it  is  kept  in  the  dark,  it  becomes  putrid 
also,  without  the  formation  of  the  vegetation  previously.  This  is  the 
result  of  keeping  waters  in  bottles ;  it  will  not  perhaps  be  possible  to 
apply  all  this  to  reservoirs,  as  the  quantity  will  be  great,  and  the  change 
frequent.  If  impure  water  is  put  into  a  dark  reservoir,  it  would,  no 
doubt,  be  retarded  in  its  deposit  either  of  living  or  dead  matter,  and  the 
deposit  would  be  probably  longer  in  forming  than  in  a  vessel  kept  in  a 
house.  A  dark  reservoir  would  therefore  be  of  advantage  in  preventing 
any  impurity  in  the  water  from  coming  to  light  in  the  form  of  vegetation, 
of  animalcules,  or  black  slimy  deposit. 

The  question  might  then  be  asked,  what  would  be  the  result  of  keeping 
pure  water  in  an  open  reservoir,  or  water  as  free  from  organic  matter  as 
that  of  which  we  speak  ?  The  answer  would  be  best  got  from  the  ponds 
themselves ;  and  there,  in  such  cases  as  those  where  the  water  cannot 
reach  the  pond  without  passing  through  much  soil,  the  water  lies  on  the 
cleanest  sand,  as  at  Frensham.  I  do  not  see  why  the  water  may  not  all 
be  80  managed  ;  but,  at  any  rate,  the  amount  of  impurity  got  from  the 
atmosphere,  except  in  the  neighbourhood  of  a  town,  cannot  be  more 
than  the  passage  of  the  water  through  a  filter  before  delivery  could 
abundantly  clean. 

[3.J 
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A?gu^a«i!u     71'''^  V'"'!,  """"^  particularly  to  say  is,  that  the  presence  of  life  i» 

  not  the  only  index  of  the  impurity  of  water,  although  it  is  an  important 

one ;  and  that  it  is  not  enough  to  prevent  any  living  creatures  from 
appearing,  by  using  dark  chambers  and  a  low  temperature ;  that  the 
water  must  not  have  in  it  the  matter  capable  of  forming  these  creatures, 
and  then  the  place  is  not  so  much  a  matter  of  consequence ;  all  tliat  is 
wanted  is,  that  there  be  no  source  of  impurity  which  can  reach  it. 

We  are  not  surprised  that  water  from  ploughed  land,  pure  as  far  as 
clearness  goes,  but  containing  four  grains  of  organic  matter  to  the 
gallon,  which  matter,  when  burned,  has  a  strong  nitrogenous  smell, 
should,  in  the  course  of  six  months,  form  a  deposit  in  a  reservoir  of 
considerable  thickness;  and,  on  the  other  side,  it  can  give  us  no 
surprise  when  a  reservoir,  having  only  peaty  water  in  it  from  the  Bolton 
or  Pike  district,  should  have  no  appearance  in  it  whatever  of  vegetation. 
In  one  there  is  the  material,  and  in  the  other  it  is  wanting.  The  mode 
of  keeping  water  pure  in  dark  places  is  applicable,  therefore,  to  all 
water  which  has  organic  matter  in  solution,  but  not  essential  to  pure 
water:  it  is,  in  fact,  a  mode  of  preventing  the  impurity  from  taking  a 
nauseous  form,  and  also  of  getting  into  a  more  deleterious  state. 

From  the  manner  in  which  I  find  this  paper  has  been  written,  it  will 
be  better  that  I  should  give  a  short  abstract  of  what  I  believe  true  on 
the  subject. 

The  Surrey  district  is  composed  of  sand  and  shingle,  with  a  thin 
covering  of  healh. 

The  water  from  it  is  soft,  varying  from  1  degree  to  6  degrees,  the 
average  being  probably  about  4  degrees  of  hardness. 

The  nature  of  the  surface  renders  it  exceedinglv  fitted  for  natural 
filtering  or  purification  by  drainage  through  the  substratum.  This  is 
the  mode  in  which  the  purest  waters  are  obtained,  and  by  which  the 
purest  waters  are  got  from  peaty  districts. 

This  mode  of  slow  filtering  removes  all  organic  matter  from  solu- 
tion, so  that  the  organic  matter  on  the  surface  is  a  matter  of  less 
importance,  as  it  is  remedied  by  drainage. 

This  is  the  method  by  which  spring-water  is  prepared,  and  by  which 
it  is  aerated,  or  supplied  with  carbonic  acid  and  oxygen. 

This  water  might  be  supplied  to  towns  without  filtering,  unless  by 
some  unforeseen  circumstances  it  might  be  somewhat  diminished  in 
brilliancy  during  its  flow. 

This  has  an  advantage  over  the  river-water  in  softness  and  in  absence 
of  organic  matter,  which  qualities  must  be  produced  by  artificial  means 
when  river-water  is  used.  The  comparison  in  expense  and  practicability 
must  be  a  matter  for  further  investigation. 

This  mode  of  filtering  removes  iron  in  the  state  in  which  it  is  found 
in  parts  of  the  district. 

As  far  as  surface  is  concerned,  the  district  in  Surrey  is  peculiarly 
fitted  for  this  mode  of  purifying  water. 

Water  so  purified  could  become  nowhere  putrid,  from  want  of  the 
material  which  putrefies.  Peaty  matter  itself  does  not  putrefy  ;  even  if 
it  were  not  removed,  there  would  be  very  little  organizable  matter, 
much  less  than  in  the  neighbouring  rivers. 

Reservoirs  with  water  thoroughly  purified  would  not  become  filled 
with  vegetation  in  the  light  or  in  the  dark.    To  prevent  water  from 
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putrefying,  presuppo.es  putrid  matter..  Water  should  not  be  supplied  , 

■with  such  matter  in  it.  ,  „„v,„„„      ^  " 

As  little  rain  as  possible  ought  to  fall  into  reservoirs,  unless,  perhaps, 
many  miles  from  towns,  the  impurity  in  the  rain  even  outside  of  towns 

heinff  great.  ,  .  .  ,        *  „j 

It  may  be  objected  that  water  so  pure  as  this  cannot  be  got ;  and 
this  brink's  us  to  another  reason,  the  reason  which  seems  to  me  most 
in  favour  of  covered  reservoirs  arising  from  the  impurity  of  rain  got 
from  the  neighbourhood  of  towns.  This  impurity  must  be  very  great 
near  London"  and  probably  several  miles  from  London.  I  have  just 
been  collecting  water  from  the  fields  a  mile  from  Manchester,  and 
about  two  mifes  from  any  large  chimney;  it  is  very  impure,  and  of  a 
bad  taste;  it  could  not  be  used  as  a  supply  for  a  town  without  careful 
filtration.  I  reserve  the  description  for  another  occasion.  It  would  be 
an  important  thing  to  know  at  what  distance  from  London  it  would  be 
safe  to  leave  reservoirs  uncovered,  and  whether  at  any  distance  what- 
ever a  large  amount  of  rain-water  would  be  an  injury.  It  would  pro- 
bably be  refining  too  much  to  speak  of  any  injury  to  distant  reservoirs 
from  rain ;  but  as  to  supply  reservoirs  in  the  neighbourhood  of  the 
town,  it  would  not  at  all  be  an  over  refining,  as  the  amount  of  impurity 
is  very  decided.  If  the  water  could  be  got  so  pure  as  not  to  require 
filterinir,  then  reservoirs  at  the  town  would  not  be  wanted,  or  at  least 
diminished  to  a  very  small  size.  If  it  should  be  found  that  filtering 
cannot  be  dispensed  with,  the  removal  of  filters  far  into  the  country 
will,  I  believe,  be  an  improvement,  as  in  that  case  they  will  get  the 
water  in  a  clearer  state,  and  have  less  duty  imposed  upon  them. 

Plan  of  Drainage. 

I  believe  I  have  given  as  far  as  I  have  gone  a  correct  account  of  the 
water  district,  the  observation  of  drainage  in  many  cases  of  this  and 
other  districts  has  suggested  to  me  a  few  remarks  which  may  be  added, 
although  perhaps  not  in  conformity  with  the  general  scheme,  the  details 
of  which  I  do  not  know.  I  believe  it  is  essential  to  the  district  that  it 
be  drained,  if  possible,  'in  every  part  of  it,  with  more  or  less  care.  It 
is  perhaps  too  much  to  expect  that  this  will  render  the  use  of  filters 
unnecessary  but  it  is  not  too  much  to  expect  that  fewer  would  be 
wanted,  as  a  little  straining  would  probably  be  all  that  would  be 
wanted  at  certain  times.  The  water  might  be  collected  in  the  same 
way  that  water  is  now  collected  by  streams  and  rivers.  The  moun- 
tain streams  seldom  bring  down  any  mud,  but  are  generally  clear. 
These  streams  are  purified  by  natural  filtration,  sometimes  from 
great  impurities.  The  water  at  the  top  of  a  hill  may  be  quite  brown, 
but  this  is  no  indication  of  the  colour  of  the  same  water  at  the  bottom 
of  the  hill.  The  water  on  the  top  is  brown  very  frequently  from 
lying  for  a  long  time  on  the  moss  or  heath,  having  at  the  same  time 
a  strong  taste,  quite  unpalatable.  When  this  goes  a  few  hundred 
feet  or  yards  down,  it  is  clear  and  beautiful,  having  no  taste.  The 
manner  in  which  this  is  performed  is  curious  ;  it  has  often  surprised 
persons,  and  I  had  an  opportunity,  a  short  time  ago,  of  finding  some 
water  brown  from  its  source  in  the  peat,  in  the  act  of  filtration.  The 
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u.o„.un  ^''^^  P^"'^*^  """•^^'^  '       s'^^e  of  the  hill  on  the  upper  part 

was  wet,  80  that  the  feet  sunk  some  depth  in  the  moist  soil  but 
although  the  water  was  flowing  down  the  hill,  the  surface  became 
dry  and  sohd ;  the  water,  therefore,  sunk  down.  On  going  further 
down  the  hill,*the  water  came  out  again,  so  that  the  ground  was  wet.  It 
flowed  to  some  distance,  and  become  lost  afterwards  in  a  gravelly  part  of 
the  ground.  Again  the  soil  was  dry,  the  water  passed  under,  and  emerged 
from  the  surface  a  few  yards  below,  forming  a  well,  which  served  for 
cattle.  From  this  well  it  ran  down  into  the  stream  at  the  bottom  of  the 
valley.  In  the  course  of  an  hour's  walk  on  the  Derbyshire  hills,  I 
met  several  cases  where  the  stream  entirely  disappeared  from  its  chan- 
nel and  came  out  below,  pure.  Cases  not  so  distinct,  that  is,  requir- 
ing more  examination  to  trace  them,  are  in  abundance.  Heath,  then, 
may  cause  any  amount  of  impurity  in  water :  it  is  a  matter  of  no 
consequence  if  there  be  only  a  purifying  agent  below.  Water  does 
not  run  over  the  surface  merely  when  the  ground  is  sufficiently  porous 
In  this  case  the  substratum  was  a  white  rock,  broken  into  gravel  and 
sand  on  the  surface,  and  varying  in  its  porosity  from  the  manner 
probably  in  which  it  was  broken.  The  manner  in  which  the  water 
ought  to  be  collected  from  land,  ought,  in  my  opinion,  to  be 
similar  to  this.  The  arrangement  of  the  surface  might  be  made  in 
such  a  way  that  the  water  could  not  flow  from  the  hills  without 
passing  through  a  good  deal  of  the  lower  strata.  For  example,  if  a 
ridge  of  gravel  and  sand  were  run  along  the  side  of  a  hill,  the  water 
would  pass  through  that  before  it  came  to  its  outfall.  In  doing  this  it 
would  be  purified.  In  the  same  way  also  it  might  be  necessary  to  pre- 
vent the  water  from  flowing  over  the  brink  into  streams  before  passing 
throught  its  purifier.  Wherever  the  water  does  undergo  this  process  to  a 
small  extent,  a  little  assistance  would  probably  complete  the  eficct.  The 
water  would  be  purified  on  the  spot.  Some  hills  resemble  closely  bar- 
rels of  water ;  they  are  tapped  below,  and  the  water  comes  out,  whilst 
the  surface  does  not  betray  a  great  amount  of  water. 

Any  one  may  have  observed  that  a  mossy  hill  seems  always  wet,  but 
it  is  a  most  difficult  thing  frequently  to  get  any  water  from  it.  The 
water  does  not  become  perceptible  till  near  the  bottom  of  the  hill,  when 
it  oozes  out  of  subsurface  cavities,  or  through  peat,  gravel,  or  sand,  as  it 
may  happen  to  be.  If  it  happens  to  come  through  the  peat  only,  itw-ill,  in 
most  cases,  be  more  or  less  brown,  but  if  it  happens  to  go  deeper  it  will  be 
purified.  In  cases  where  it  will  not  be  sufficiently  deep  for  purification, 
it  may  only  be  necessary  to  deepen  the  stream,  and  so  prevent  any 
water  from  coming  into  it,  except  from  a  great  depth.  This  mode  of 
flowing  may  be  seen  in  the  draining  of  mosses,  where  water  is  collected 
six  feet  or  more  under  the  surface,  where  it  does  not  flow  at  all  over  the 
surface,  but  passes  down  immediately,  and  is  collected  below,  so  that  it 
is  possible  to  cause  the  water  to  pass  through  any  required  depth. 

A  great  deal  of  the  water  of  the  district  passes  already  through  this 
ordeal,  and  becomes  purer  accordingly  as  it  does  so.  The  consequence 
of  this  is,  in  some  places,  that  it  gets  harder,  as  around  Wharf  Pond  and 
some  others,  but  it  is  not  always  the  consequence,  as  the  deep  springs  in 
the  hills  show,  and  the  water  of  Farnham. 

I  am  not  sufficiently  acquainted  with  the  geology  and  levelling  of  the 
district  to  know  how  this  could  in  all  places  be  done. 
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Dr.  Angus  Smith  examined.  Dr.  Ro\)(<rt 

1.  You  have  examined  the  waters  of  most  of  the  gathering  grounds  "'^"susSmitu 
for  the  improved  suppUes  of  the  Lancashire  towns,  have  you  not? — Yes; 

I  was  engaged  for  the  examination  of  the  Manchester  new  supplies, 
derived  from  gathering  grounds,  on  the  hills  between  Lancashire  and 
Yorkshire;  and  also  the  proposed  gathering  grounds  from  hills  to  the 
north  of  Derbyshire,  and  some  from  Cheshire.  I  examined  the  gathering 
o-rounds  for  the  supply  of  Bolton,  and  part  of  the  gathering  ground 
appropriated  for  the  new  supply  of  Liverpool,  and  also  those  for  the 
supply  of  Burnley  and  other  towns  in  Lancashire. 

2.  In  those  instances,  the  proposed  gathering  grounds  were  wastes  and 
moors,  were  they  not.? — Always  so. 

3.  Did  you  examine  the  supply  proposed  by  Mr.  Rawlinson  to  be 
brought  in  for  Liverpool  from  the  Bala  Lake  in  North  Wales  ? — Yes,  I 
did. 

4.  In  all  these  cases  you  went  to  the  grounds  yourself,  and  collected 
for  yourself  the  specimens  for  analysis? — Yes,  I  did.  I  may  observe 
that  besides  the  grounds  mentioned,  I  have  examined  the  water  from 
grounds  in  other  districts,  simply  to  determine  some  questions  for 
myself,  as  to  the  effect  of  peat  upon  waters. 

5.  You  completed  practical  analyses  in  the  several  cases  for  advising 
on  improved  supplies  for  the  use  of  the  population  of  the  several 
towns? — Yes,  I  did. 

6.  We  understand  you  to  concur  generally  in  the  conclusions  from 
evidence  we  have  received,  and  which  you  have  seen  as  to  the  superiority 
of  soft  water  over  hard  for  drinking,  for  culinary  purposes,  for  washing, 
and  for  manvfactures? — Yes,  I  do.  The  most  earnest  attention  has 
heen  directed  in  Lancashire,  however,  to  the  importance  of  soft  water 
for  manufactures.  The  number  of  schemes  which  have  been  proposed 
for  removing  lime  from  boilers,  or  for  removing  it  from  the  water,  show 
the  importance  that  manufacturers  have  attached  to  the  subject. 

7.  You  have  now  visited  a  number  of  waste  lands,  heaths,  and  moors 
in  Surrey  and  Hampshire,  which  have  been  pointed  out  to  your 
consideration  as  eligible  gathering  grounds  for  improved  supplies  of 
water  for  the  metropolis,  and  have  examined  specimens  of  water  from 
them? — Yes,  I  have  been  over  these  grounds  nearly  a  fortnight,  and  I 
have  examined  about  eighty  specimens  of  the  water.  For  two  days  I 
was  accompanied  by  Professor  Way. 

8.  Before  entering  into  the  particulars  of  your  examination,  will  you 
state  the  character  of  the  waters  obtained,  as  compared  with  the  water 
derived  from  other  gathering  grounds  which  you  have  examined  ;  and, 
hrst,  as  to  the  Bala  Lake ;  have  you  the  analysis  of  that  water  ? — Yes ; 
it  is  the  following : — 

From  the  Dee  at  Llangollen. 

Hardness  2*5 

Carbonate  of  lime  2'\ 

Alkaline  salts  '532 

Salts  left  by  the  decomposition  of  thel 

organic  matter  j  * 

Organic  matter  -28 

, ,  Entirely  peaty  hiatter    .     .     .     !  * 

1  had  too  little  water  fur  further  particulars. 
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Rt.  Robert  9.  You  have  examined  the  water  as  supplied  to  the  town  of  Farn- 
AnijusSmtth  j^^^  ?_Yes,  I  havc. 

10.  "Will  not  the  Farnliam  water  represent  a  fair  gpecimen  of  the 
water  derivable  from  a  large  extent  of  the  proposed  gathering  grounds? 
' — Yes,  allowing  the  average  of  the  Famham  water  to  be  about  two  and 
a-half  degrees,  it  will  represent  the  quality  of  the  water  derivable  from 
the  whole  of  the  eastern  part,  that  is  from  20  to  30  square  miles  of 
gathering  ground,  as  far  as  I  have  seen,  nearly  all  waste. 

11.  Will  you  give  in  the  analysis  which  you  have  made  of  this 
■water  ? — The  specimen  of  Famham  water  which  I  received  was  unfor- 
tunately taken  from  a  place  where  impure  matter  from  a  garden  was 
allowed  to  enter  ;  I  shall  therefore  give  the  analysis  made  by  Professor 
Way— 

Grains  in  a  gallon. 

Silica  -55 

Lime  (as  silicate?)     .....  "375 

Sulphate  of  lime  "280 

Sulphate  of  magnesia  "557 

Chloride  of  magnesium    ....  "552 

Chloride  of  sodium  1-440 

Chloride  of  potassium  .     ....  '354 
Organic  matter  and  water  of  cora-\  3^.245 
bination  J 

5  "323 

So  far  I  can  corroborate  this,  that  I  found  a  spring  on  the  same  hill  con- 
taining 2*76  grains  of  inorganic  matter  in  a  gallon,  and  '76  of  organic.^ 

12.  From  the  guagings  taken  at  the  end  of  six  weeks'  rain-fall,  it  is 
reported  to  us  that  the  extent  of  supply  derivable  from  these  wastes 
which  are  distinguishable  from  the  rest  would  be  about  28  millions  per 
diem,  or  equal  to  a  daily  supply  of  100  gallons  per  house  in  the  metro- 
polis ;  will  you  state  the  general  character  of  this  water  as  compared 
with  that  of  the  Bala  Lake?— I  cannot  speak  to  the  quantities;  but  in 
respect  to  quality,  the  Farnham  water  is  equal  to  the  mass  of  any  Lan- 
cashire or  Cheshire  water  derived  from  gathering  grounds  which  I  have 
examined.  In  softness  it  is  equal,  in  some  places  superior  to  the  Bala- 
Lake  water,  from  the  proposed  collecting  point  above  Llangollen  ;  it  is 
also  less  coloured  with  peat  than  the  water  of  that  lake.  There  are 
portions  of  water  derived  from  what  is  called  the  rough  rock  in  Lanca- 
shire, nearly  as  perfect  in  every  respect  as  distilled  water  ;  but  the  gross 
amount  of  the  Farnham  water  would  be  equal  to  any  other  gross  amount 
of  soft-water  supply  for  a  time  which  I  have  examined,  taken  mdiscn- 

™^13.^We  are  now  speaking  of  the  water  as  at  present  derived ;  but 
may  it  not  be  even  further  improved  by  care  in  its  derivation  or  collec- 
tion ? — Yes,  materially. 

14  In  what  way? — By  under  drainage  chiefly. 

15  Will  you  describe  the  advantages  you  expect  from  under  or 
shallow  drainage ?-Mv  view  is  that  most  rain-waters  will  be  improved 
bv  passing  through  an  appropriate  filter.  My  belief  is  that  all  water 
cominff  from  rocks  or  sand  is  more  brilliant  than  simple  rain-water. 
All  rain-water  is  apt  to  bring  down  with  it  Vegetable  or  animal  matter 
floating  in  the  atmosphere. 
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Ifi  Where  have  you  made  collections  of  rain-water? — In  Manchester  Dr.  Robert 

xu.    TT  1  ,       ^     cn/r       1      .  Angus  Smittt 

and  the  neighbourhood  of  Manchester.   

n.  Then  you  probably  give  us  an  impression  simply,  and  not  the 
results  of  experience,  as  to  rain-water  falling  in  purely  rural  districts  ? 

 Yes  that  is  so  ;  but  still  I  should  prefer  the  water  which  had  passed 

throu"-h  a  filter,  as  purifying  itself  from  the  matter  caught  upon  the 
surface,  for  some  foreign  matters  are  caught  upon  the  surface  of  all 
leathering  grounds  which  have  yet  been  found,  or  are  likely  to  be 
iFound,  for  town  supplies. 

18.  Are  you  aware  whether  in  any  of  the  towns  now  supplied,  or  to 
be  supplied,  with  soft  water  from  gathering  grounds,  as  at  Bolton  or 
Manchester,  under  drainage  has  yet  been  thought  of? — No,  none  of 
them. 

19.  Even  if  the  surface  water  were  taken,  as  for  the  northern  towns, 
from  the  surface  of  the  district,  crudely  as  at  present,  and  without  any 
further  improvement,  would  not  the  general  supply  from  the  entire  dis- 
trict you  have  examined  be  superior  to  most  river-waters,  not  to  speak 
of  the  Thames  ? — Yes,  certainly.  It  would  have  the  greatest  superiority 
in  respect  to  softness  ;  it  would  have  less  mineral,  and  would  be  nearly 
pure  from  animal  matter;  and  it  would  have  less  vegetable  matter. 
The  only  matter  in  it  is  peat,  and  that  is  not  visible  to  the  eye.  I 
except  some  portions  of  the  district  which  might  be  separated  or  im- 
proved. 

20.  The  whole  district  is  supposed  to  be  covered  with  sand  ;  if  so, 
what  portion  is  covered  with  the  same  description  of  sand  ?■ — Speaking* 
roughly,  I  saw  20  miles  of  land,  and  30  miles  of  shingle  and  sand. 

21.  What  are  the  chief  causes  of  the  variations  in  the  quality  of 
water  which  you  find  in  this  district  ? — Variations  arising  from  peat 
chiefly. 

22.  Is  not  the  peat  very  thinly  spread  over  the  whole  district  ? — It  is 
not  thick  anywhere ;  but  the  variations  in  the  quality  of  the  water  are 
caused  by  the  state  and  inclination  of  the  surface,  which  occasions  the 
rain  to  wash  the  peat  surface  alone  before  it  is  discharged  into  the 
brooks. 

23.  We  understand,  then,  that  by  the  shallow  drainage  which  you 
contemplate,  you  have  in  view  the  instance  of  the  derivation  of  the 
water  for  the  supply  of  the  town  of  Farnham,  by  which  the  water 
falling  on  the  surface  of  peat,  passes  through  the  peat,  and  thence 
through  the  sand  into  the  tile-drain,  cleared  of  the  peaty  infusion? — • 
Yes,  that  describes  the  process. 

24.  What  is  the  depth  of  the  peat  on  the  gathering  grounds  for 
Manchester?— Some  of  it  about  six  feet  deep;  a  great  part  of  it 
about  four  feet  deep. 

25.  What  was  the  depth  of  the  peat  on  the  gathering  grounds  for  the 
new  supply  of  water  for  Liverpool  ?— That  which  I  saw  was  from  two 
to  three  feet  deep. 

th^t^u^'^'  -^""'^^^so"'  the  agricultural  surveyor,  reports  to  the  Board, 
.  the  surface  peat  on  the  Surrey  wastes  is  so  thin,  much  of  it  some 
SIX  or  eight  mches  thick,  that  it  might  be  taken  oft' at  a  cheap  rate?— 
les  but  from  the  mstances  which  I  observed,  it  would  suffice  to  take 
oti  two  or  three  inches  of  peat  from  the  surface. 
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'guf  Smuh  ^^^^        infusion  of  peat,  even  if  the 

JL_""  '  water  were  taken  as  it  is,  would  be  iiighly  objectionable? — No,  it  is  not 
thought  so;  peat  itself  is  highly  antiseptic ;  it  is  not  considered  favour- 
able to  the  production  of  animalcules;  it  is  not  directly  convertible  into 
animal  hfe  like  the  organic  matter  in  the  Thames,  and  most  river 
water.  The  only  objections  I  know  to  it  are  the  taste  and  the  colour, 
which  are  disagreeable  when  the  infusion  is  considerable. 

28.  Besides  the  instance  of  shallow  drainage  in  this  particular 
district,  have  you  observed  shallow-drainage  waters  in  other  districts? 
—Yes,  in  a  few  instances.  I  may  mention  one  at  Rochdale,  where  the 
surrounding  waters  went  as  high  as  13  degrees  of  hardness ;  but  the 
shallow-drainage  water  obtained  from  a  ploughed  field  was  about  four 
degrees  and  a  half.  The  comparative  purity  of  the  drainage  water  in 
other  points  was  similar. 

29.  Will  you  state  your  own  view  of  the  powers  of  the  surface 
stratum  of  land  for  depuration  ? — I  passed  a  strong  solution  of  peat 
through  a  filter  of  sand,  and  found  it  quite  purified.  I  passed  then  an 
ammoniacal  solution  through  the  filter,  such  as  is  found  iu  warm 
weather  on  the  tops  of  hills  on  peat,  and  found  it  quite  clear.  Then  an 
acid  solution  was  passed  through,  which  also  was  quite  purified. 
Afterwards,  I  passed  the  same  solution  of  peat  as  at  first  through 
various  materials  ;  oxide  of  iron,  manganese,  lime,  and  iron  filings  ;  all 
of  which  substances  purified  the  peat.  I  then  passed  strong  solutions 
of  woody  matter  in  mineral  acids ;  these  also  became  pure  ;  sulphuric 
acid  and  muriatic  acid,  for  example.  The  matter  was  left  chiefly  on 
the  surface  of  the  filter.  I  observed  also  that  all  the  peaty  districts 
have  a  black  stratum  a  few  inches  deep,  below  which  there  seems  to  be 
no  organic  matter,  or  very  little.  A  similar  stratum,  not  coloured,  may 
be  observed  on  all  soils,  but  rather  deeper.  Water  taken  above  the 
point  of  filtration,  that  is,  not  having  passed  below  this  stratum,  con- 
tains much  organic  matter;  but  below  this  line  it  is  true  drainage 
water,  and  is  purified  like  water  from  a  shallow  spring.  Leaving  the 
cause  for  examination  elsewhere,  these  facts  lead  to  the  conclusion  that 
the  power  of  filtration  to  remove  colouring  organic  matter  in  solution  is 
really  enormous ;  but  it  must  have  time,  as  the  action  is  not  a  mere 
straining  through  a  sieve  ;  the  artificial  filter  is  for  this  reason  generally 
too  small  for  the  full  efi"ect  obtained  by  the  natural  mode  of  filtration, 
where  time  is  given  for  a  complete  act  of  purification. 

30.  Will  you  describe  the  general  condition  of  the  other  remaining 
districts? — ^The  Frensham  district  is  entirely  a  loose  sand,  with  very 
little  peat,  the  water  less  soft  by  three  degrees  than  the  northern  and 
eastern  portions ;  but  I  think  it  might  be  had  still  softer  if  the  district 
were  drained  faster — an  experiment  which  I  made  showing  me  that  what 
little  lime  it  did  dissolve  was,  in  a  great  measure,  if  not  entirely,  caused 
on  the  surface.  The  districts  of  Hurtwood  and  Leithhill  are  covered  with 
gorse,  heath,  and  wood ;  and  the  water  will,  I  believe,  be  found  very 
soft  under  any  mode  of  collection— that  is,  whether  drained  or  not.  I 
have  founded  my  opinion  of  the  water  independently  of  the  Bagshot 
eastern  district,  the  water  from  which,  as  it  at  present  flows,  is  too  much 
coloured  by  peat,  and  so  much  so  as  to  be  disagreeable  to  the  taste.  I 
saw  abundant  reason  to  think,  however,  that  by  careful  filtering  in 
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its  natural  position  it  would  be  completely  purified,  and  would  then 
make  a  valuable  gathering  ground.    In  company  with  Professor  Way  "S^^f^J^* 
I  saw  instances  of  purification  in  this  manner,  I  have  therefore  only  to 
speak  of  its  capabilities  as  a  gathering  ground,  but  not  of  its  present 

supply  of  water.  ... 

31.  Do  you  see  your  way  of  obtaining  any  supplies  of  equal  purity 
for  the  metropolis?—!  l^now  of  no  other  silicious  district  near  London, 
and  I  take  it  for  granted  that  there  is  none  producing-  soft  water,  or 
o-eolo'^ists  would  have  pointed  it  out.  Any  other  natural  soft  supply, 
therefore,  seems  entirely  beyond  all  expectation,  and  the  only  mode  of 
obtaining  any  other  supply  of  soft  water  would  seem  to  be  by  artificial 
purification.  As  the  process  of  purification  could  not  by  any  means  yet 
adopted  bring  it  to  a  point  softer  than  the  district  proposed,  I  see  no 
inducement  to  try  any  hard-water  supply,  and  to  be  at  the  trouble  of 
artificially  softening  it;  whilst,  I  may  add,  that  the  artificially  softened 
water  does  not  equal  the  natural  supply,  it  is  less  aerated,  and  may  be 
otherwise  objected  to. 

32.  Even  if  little  or  nothing  were  done  either  on  the  surface  or  with 
the  mode  of  collection,  we  are  to  understand,  then,  that  the  supplies 
derivable  from  the  greater  portion  of  these  Surrey  sandy  districts  would 
be  on  an  equality  with  the  soft  water  supplies  of  the  northern  towns  you 
know  of,  as  at  present,  collected  and  distributed  to  them  ? — Yes,  cer- 
tainly. 


Dr.  Angus  Smith  on  Water-pipes. 

The  use  of  iron  seems  essential  for  the  conveyance  of  large  bodies 
of  water,  the  use  of  other  materials  may  be  better  suited  for  smaller 
bodies.    It  is  the  most  wholesome  that  can  be  used,  although  it  has 
several  disadvantages  connected  with  it,  arising  from  its  tendency  to 
oxidize  on  exposure  to  water  having  air  in  it.    There  is  seldom  carbonic 
acid  in  town  waters  suflScient  to  dissolve  the  iron,  and  to  make  a 
chalybeate  strong  enough  to  taste.    The  amount  of  oxygen  is  greater 
than  the  carbonic  acid,  and  to  some  extent  always  present,  so  that  the 
peroxide  is  found  in  the  water  and  not  the  protoxide.    As  the  peroxide 
is  not  soluble  in  water,  it  forms  a  milky  or  turbid  fluid  which  is  more 
or  less  unpalatable.    This  turbid  state  may  exist  to  a  very  small  extent 
so  as  merely  to  take  away  the  brilliancy;  even  then,  however,  it  is  an 
objection  as  it  afl'ects  the  appearance  and  the  palate.    For  this  reason 
pipe-water  when  apparently  very  pure  will  precipitate  on  standing 
yellowish  flocculent  matter.    Perhaps  it  would  not  be  right  to  say  that 
the  water  has  any  taste  when  in  this  state,  but  it  is  certainly  inferior  in 
some  respect,  less  pleasing  to  the  palate.    Pipes  which  are  well  sup- 
plied with  oxygen  by  filling  and  emptying  with  waler  are  more  apt  to 
oxidize  according  to  experience,  and  this  we  might  readily  expect. 
Ihis  must  be  known  to  all  who  have  attended  to  the  state  of  "the  water 
atter  the  pipes  had  been  for  some  time  empty.    But  the  oxidation  goes 
on  at  all  times,  as  may  be  seen  by  putting  a  little  protoxide  of  iron  into 
tue  bottom  of  a  glass  of  water,  in  a  short  time  it  is  quite  oxidized  or 
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•i^ Smith  *  brown.  A  piece  of  iron  may  also  be  observed  to  rust  in  the 
' —  same  way.  It  becomes  a  great  nuisance  if  it  comes  out  of  tlie  pipes  in 
great  quantities ;  however,  it  is  probable  that  no  water  can  be  brought 
through  iron  pipes  without  losing  some  of  its  purity.  The  water  will 
wash  it  away  when  formed,  but  if  the  flow  be  constant  very  little  will 
appear  at  a  time ;  the  great  safeguard  therefore  will  be  found  in  using 
a  large  amount  of  water. 

Hard  water  seems  to  be  a  great  preservative  of  the  pipes  by  incrust- 
ing  them  with  lime ;  it  becomes,  however,  important  to  know  how  to 
preserve  them  when  soft  water  is  used.  Whatever  is  put  on  iron  is 
after  a  time  removed,  no  matter  how  thoroughly  the  contact  be  made. 
It  has  been  proposed  to  use  tinned  pipes,  made  of  wrought  iron.  The 
covering  of  tin  is  in  contact  with  the  iron,  but  even  this  is  not  enough, 
and  one  is  almost  inclined  to  think  that  the  only  method  of  keeping  the 
iron  clean  is  that  which  engine-men  employ — constant  rubbing  and 
abundance  of  oil.  It  shows  us  how  very  insinuating  the  air  is,  how  it 
goes  into  pores  of  which  we  could  not  know  the  existence,  and  when  it 
once  penetrates  under  the  surface  it  tunnels  onwards  in  a  surprising 
manner.  When  iron  is  covered  with  tin  the  two  metals  unite  and  form 
an  alloy  some  depth  into  the  substance  of  the  iron,  this  alloy  gradually 
decreases  in  its  amount  of  iron  until  at  the  surface  there  is  a  covering 
of  pure  tin.  One  would  suppose  that  through  this  covering  no  air 
could  possibly  go.  It  does  get  through,  however,  not  merely  from 
mechanical  lesion  in  the  tin,  but  from  the  imperfection  of  the  surface 
and  the  method  of  covering.  Holes  are  left  excessively  minute,  but 
sufficient  after  a  long  time  to  make  themselves  perceptible  by  an  accu- 
mulation of  oxide  of  iron,  which  they  dig  out  and  raise  up  like  mole- 
hills on  the  tin  plate.  The  smallest  hole  will  be  enough,  and  it  must 
be  a  small  hole  indeed  which  will  not  allow  the  passage  of  an  atom  of 
oxygen.  The  oxide  rises  up  as  it  seeks  more  room  than  the  iron.  It 
is  also  porous,  and  becomes  in  fact  an  inlet  to  the  metal  which  is  under- 
neath it.  As  more  comes  up  the  hole  gets  larger,  the  oxide  breaks  the 
tin  up  in  various  places,  and  completely  envelopes  it  in  rust.  I  am  not 
aware  that  there  is  any  reason  to  attribute  this  to  galvanic  action,  which 
may  more  properly  be  supposed  to  preserve  the  iron,  tin  being  positive 
to  iron  in  cold  weak  sulphuric  acid.  A  similar  action  goes  on  even 
faster  with  many  coverings  where  there  can  be  no  galvanic  action. 
Enamelled  surfaces  have  not,  I  suppose,  been  tried  for  large  pipes.  I 
proposed  a  mode  of  covering  with  pitch  for  the  Manchester  pipes, 
which  seems  to  be  useful,  altliough  there  is  room  enough  for  invention 
still.  It  covers  them  with  a  black  varni.sh,  which  is  also  a  great  pre- 
servative to  the  outside  of  the  pipe  if  the  covering  is  well  made.  The 
outside  is  exposed  to  drainage,  and  the  pipe  is  very  liable  to  become 
entirely  wasted  away  by  this  action,  leaving  only  its  form  in  the  shape 
of  a  piece  of  graphite.  It  is,  in  fact,  common  to  find  iron  exposed  to 
under-drainage,  dissolved  out  in  this  manner,  not  breaking  otF  in 
scales  and  becoming  a  mass  of  rust,  but  being  removed  completely, 
leaving  its  form  only.  A  piece  which  Mr.  Binney  gave  me  I'rom  a 
colhery  near  Manchester,  consisted  of  iron  38  8,  silica  19*7,  carbon  40, 
and  a  little  oxide  of  iron.  Water-pipes  are  subject  to  the  .same  decay 
when  not  protected. 


Lead  Pipes. 
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20  grains  of  east-iron  borings  were  added  to  20  ozs.  of  water,  and  ^Dr^J^l^^^r 

allowed  to  stand  24  hours.  — 

Oxide  of  Iron. 

1st  deep  well  water,  with  much  carbonic  acid  .  •  15  grains. 

Distilled  water   '08  „ 

Water  with  a  little  common  salt  so  as  to  taste  •  16  „ 

Manchester  pipe  water       -        .        •        .  '13  „ 

Water  Trom  sewers  .        .        .        •        .  '13  „ 

The  water  with  many  salts  in  it  acts  most,  the  purest  water  least, 
because  there  was  litile  carbonic  acid  or  air  in  the  distilled  water  used 
here.  The  oxide  was  not  in  solution,  and  gave  little  taste  to  the  water. 
Iron'  suffers  in  coutatrt  with  air,  carbonic  acid,  and  soluble  salts  in 
water,  so  that  whether  it  be  in  contact  with  water  from  well- drained 
land,  or  badly-drained  land,  it  is  still  in  danger. 

The  use  of  lead  pipes  is  common  enough  ;  and  although  the  danger 
from  lead  has  often  been  pointed  out,  there  is  no  diminution  in  the 
amount  used.  It  is  acknowledged  that  with  soft  water  lead  is  very 
dano-erous,  but  I  am  disposed  to  think  that  it  is  dangerous  even  with 
hard,  except  when  a  crust  forms  upon  it.  When  a  lead  pump  is  used, 
no  matter  how  hard  the  water  is,  there  is  still  lead  to  be  found  in  it. 
In  one  case  I  found  lead  where  there  were  62  grains  of  lime  salts  in  a 
gallon  ;  the  family  filtered  the  water,  but  that  did  not  quite  remove  it, 
although  it  was  much  improved.  This  shows  the  lead  to  have  been 
in  complete  solution,  although  the  water  was  hard.  The  pump  was 
made  of  lead,  so  that  there  was  a  constant  friction  preserving  the 
surface  clean  and  assisting  comminution. 

In  another  rase  where  there  was  a  lead  pump  and  well,  the  water 
also  coming  from  a  badly-drained  and  putrid  underground,  the  water 
was  acid,  and.  an  acid  salt  of  lead  was  found  in  the  water,  strong 
enough  to  have  a  distinct  taste  of  lead,  and  otherwise  nauseous  from  the 
other  salts,  such  as  nitrates  and  chlorides.  A  few  bubbles  of  sulphur- 
etted hydrogen  made  the  whole  of  a  deep  brown  instantly,  and  it  was 
lamentable  to  find  that  the  persons  who  used  it  did  not  suspect  any  evil 
from  this  source. 

The  use  of  zinc  in  lead  pipes  has  been  proposed  as  a  remedy,  but  it 
is  not  desirable  to  drink  even  zinc.  There  is  a  lead  pipe  made  in 
Manchester  covered  with  tin,  a  very  thin  film  of  it  protects  it  consider- 
ably from  the  action  of  water  acidulated  with  acetic  acid.  Probably 
for  water-pipes  it  may  be  very  useful.  It  is  time  that  some  change 
should  be  made  in  the  small  water-pipes  now  made  of  lead,  and  that 
the  use  of  lead  pumps  and  cisterns  should  be  done  away  with,  unless 
they  can  be  protected. 


Dr.  Angus  Smith  on  the  Coating  of  Water-pipes. 

The  mode  of  coating  water-pipes,  which  I  proposed  for  the  Man- 
ch^ter  water-works,  and  which  they  have  adopted,  was  the  following ; 
-—The  pipe  is  made  clean,  free  from  all  rust  and  earth  which  clings  to 
It  on  coming  from  the  mould;  the  cleaning  is  a  very  important  thing, 
as  the  success  very  much  depends  upon  it.  The  surface  is  then  oiled 
with  hnseed  oil,  in  order  to  preserve  it  until  it  is  ready  to  be  dipped. 


Coating  for  Water- Pipes  adopted  at  Manchester. 


Dr^KoWt  When  the  coating  is  to  be  made,  the  pipe  is  heated  in  an  oven  to  about 
k.ngu9jnuh  3Qoo^  vvhich  should  also  be  measured  in  such  a  manner  as  to  prevent 
soot  from  coming  on  it.  It  is  then  dipped  into  a  pan  of  g-d%  pitch,  and 
kept  in  it  for  a  short  time  until  it  shall  have  taken  up  the  pitch  as  in- 
timately as  is  possible.  The  pitch  should  not  be  too  hard,  so  hard  as 
to  be  brittle,  nor  should  it  be  too  soft,  so  as  to  adhere  to  anything ; 
when  it  becomes  too  hard  it  may  be  softened  by  adding  more  oil. 

When  the  pipe  is  taken  out  it  is  covered  over  with  a  fine  black  var- 
nish, and  looks  exceedingly  well.  How  long  they  will  last  is  not  easy 
to  say ;  but  if  well  done  they  will  last  longer  than  any  other  mode  I 
have  seen.  I  was  at  one  time  not  inclined  to  think  it  of  much  value, 
but  I  saw  latelj-^  one  which  had  stood  out  every  season,  and  was  still  in 
very  good  order.  I  am  disposed,  therefore,  to  think  that  it  might  be 
made  to  endure  as  long  as  can  reasonably  be  wished. 

The  surface  of  iron  is  exceedingly  difficult  to  keep  clean,  and,  pro- 
bably, no  plan  has  ever  quite  succeeded  but  that  which  the  engine  men 
employ  to  keep  their  machinery  bright,  that  is,  abundance  of  oil  and 
constant  scouring.  This  oxidation  shows  us  how  very  insinuating  the 
air  must  be ;  it  goes  into  pores  of  which  we  could  not  know  the  exist- 
ence, and  when  it  once  penetrates  under  the  surface  it  travels  onwards 
in  a  surprising  manner.  When  iron  is  covered  with  tin,  the  two 
metals  unite  and  form  an  alloy  some  depth  into  the  substance  of  the 
iron.  This  alloy  gradually  decreases  in  tin,  until  at  the  surface  there  is 
a  covering  of  the  latter  metal  alone.  One  would  suppose  that  no  air 
could  go  through  this  covering.  It  does  get  through,  however,  not,  I 
believe,  from  any  mechanical  lesion  of  the  surface,  but  from  the  imper- 
fection of  the  mode  of  tinning.  Holes  are  left  excessively  minute,  but 
sufficient  after  a  long  period  to  make  themselves  perceptible  by  an  ac- 
cumulation of  oxide  of  iron,  which  they  throw  out,  and  raise  up  like 
mole- hills  on  the  tin  plate.  The  smallest  hole  will  be  enough  to  begin 
with,  and  it  must  be  a  small  hole  indeed  which  will  not  allow  the  pas- 
sage of  an  atom  of  oxygen.  The  oxide  formed  rises  up,  as  it  seeks 
more  room  than  the  iron.  It  is  also  porous,  and  is  then,  in  fact,  an 
inlet  of  oxygen  to  the  metal  which  is  beneath  it.  As  more  comes  out, 
the  hole  becomes  larger,  the  oxide  rises  up  and  breaks  up  the  tin  in 
various  places,  completely  enveloping  it  in  rust. 

Zinc  acts  to  some  extent  in  a  similar  way;  the  comparative  value  of 
the  processes  I  do  not  know.  There  is  less  necessity,  I  believe,  to 
bring  in  the  use  of  galvanism,  in  order  to  explain  the  mode  in  which 
iron  throws  off  other  coverings.  In  the  case  of  earthenware  glaze  it 
would  be  difficult  to  bring  it  in  at  all.  In  any  case,  however,  oxygen 
must  be  brought  in,  and  the  mode  of  acting  with  ware  will  probably  be 
the  same  as  with  the  tin.  In  this  case,  however,  we  cannot  suppose 
holes  in  the  surface,  but  rather  at  the  sides  or  points  of  junction,  where 
the  oxygen  may  enter ;  showing  the  difficulty  of  making  a  complete  con- 
tact between  the  metal  and  earthenware. 

The  first  part  is  a  copy  of  what  I  intended  to  say  on  tin,  &c„  this 
last  part  I  have  written  hastily,  as  I  find  I  am  late.  I  think  it  is  the 
true  explanation ;  that,  namely,  which  is  given  to  explain  the  tin  will 
apply  to  the  earthenware.  I  was  not  aware,  however,  that  earthenware 
came  off.  I  have  some  on  a  pan  which  has  lasted  a  long  time  the 
joinings  are  good. 


Ejfect  of  Soils  on  Water  percolating  them. 
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Professor  Way  examined. 

'  1.  You  are  professor  of  chemistry,  I  believe,  to  the  Royal  Agri-  P'^'^^'O'' 
cultural  Society? — lam.  — ' 

2.  In  the  course  of  your  investigations,  has  your  attention  been 
directed  to  the  quality  of  water  from  diiFerent  natural  sources,  and  to 
the  effect  of  soils  upon  water  percolating  them? — For  many  months  I 
have  been  engaged  on  a  series  of  experiments,  intended  to  elucidate 
the  action  of  soils  upon  the  constituents  of  manure.  The  results  I  have 
obtained,  however,  equally  apply  to  the  composition  of  natural  waters, 
and  I  have  more  lately  directed  my  attention  specially  to  the  latter 
branch  of  inquiry. 

3.  What  is  the  nature  of  the  experiments  you  have  made  ? — My 
first  experiments  were  made  with  tubes,  of  from  12  to  18  inches  in 
length.  These  tubes  having  been  partially  filled  with  the  soil  under 
examination,  I  poured  upon  the  surface  strong  solutions  of  different 
alkalies,  and  alkaline  and  earthy  salts.  I  found  that  the  first  portion 
of  the  liquid  which  came  through  was  absolutely  deprived  of  them. 
Thus,  for  instance,  if  a  solution  of  caustic  potash,  or  of  ammonia,  con- 
taining 1  per  cent,  of  either  alkali  was  made  to  filter  through  9  inches 
of  a  soil  contained  in  one  of  the  tubes  just  mentioned,  from  one  to  two 
ounces  of  liquid  passed  through  quite  pure  and  free  from  the  substances 
in  question. 

4.  What  was  the  diameter  of  the  tubes  you  employed  ? — They  were, 
as  I  before  said,  from  12  to  18  inches  in  length,  and  from  fof  an  inch 
to  1^  inch  in  diameter,  and  would  contain,  perhaps,  when  partially 
filled,  from  ICOO  to  2500  grains  of  soil.  I  have  since  used  much 
larger  filtering  jars  without,  of  course,  any  difference  in  the  character  of 
the  result. 

5.  What  were  the  times  occupied  in  percolation  ? — When  a  light  soil 
was  employed,  and  the  depth  of  the  filterin?  bed  was  9  inches,  the  liquid 
would  begin  to  drop  through  in  8  or  10  m'^inutes;  if  a  stiff  clay  were 
the  subject  of  experiment,  it  would  take  much  longer  to  filter,  perhaps 
an  hour  or  an  hour  and  a-half.  In  these  cases,  the  abstraction  of  the 
alkaline  substances  was  complete.  In  order,  however,  to  ascertain 
whether  a  sensible  time  was  necessary  for  the  effect,  I  forced  the  liquid 
in  one  experiment  through  the  soil,  by  means  of  a  syrins-e,  with  pre- 
cisely similar  results,  although  the  soil  and  the  solution  were  in  contact 
less  than  a  minute. 

6.  It  does  not,  therefore,  require  a  lengthened  time  for  the  exhibition 
01  tne  power  of  which  we  are  speaking  ?— No ;  such  is  the  conclusion 
to  which  my  experiments  lead  me. 

dZ'njJT  ^''P^'^^f^ts  were  made,  as  we  understand,  with  substances 
a  ?rW  •v''^  """t^y  mechanically  suspended  in  water;  the  action  you 
different     "  ^'ff^^^"*  ^^'""^  ordinary  filtration  ?-TotalIy 

throuS  nnri"'*''"f''  ^'"'^  T,'  *°  ^  «f  Potash 

CerSte  not  expect  the  alkali  to  be  arrested 

in  the  wlt.r^  sand  would  merely  stop  any  solid  substance  suspended 
Althoueh  e'  n     .r""'  "^^J  P^P^'-  the  chemist  does. 
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9.  Do  you  consider  the  effect  to  be  due  to  surface  attraction,  or  is  it 
a  chemical  action  ? — I  believe  it  to  be  purely  a  chemical  action,  and 
that  the  different  alkalies  are  absorbed  in  the  relation  of  their  chemical 
equivalents  or  combininn;'  proportions. 

I'O.  You  state  that  ordinary  soils  possess  this  power,  vphilst  pure  sand 
does  not;  to  what  ingredient  of  soils  do  you  attribute  it? — 1  have 
good  reason  to  believe  that  the  action  is  due  to  the  clay  contained  in 
most  soils.  I  have  already  stated  that  sand  does  not  possess  the  power, 
whereas  a  clay,  with  which  I  have  made  many  experiments,  exhibits 
the  property  in  a  hig-h  degree. 

11.  What  kind  of  clay  was  that  ?  —The  specimen  particularly  alluded 
to  was  a  white  clay,  of  the  "  plastic  clay  "  formation  used  for  pottery. 
I  selected  this  for  my  experiments,  because  it  contained  no  perceptible 
quantity  of  organic  matters,  and  well  represented  the  class  of  pure 
natural  clays. 

12.  With  what  other  descriptions  of  soils  have  your  experiments 
been  made? — With  three  or  four  loams  of  different  qualities  and  agri- 
cultural value ;  one  of  these  being  the  thin  soil  on  the  chalk  hills  of 
Dorsetshire  (Mr.  Huxtable's  farm),  another  from  Mr.  Pusey's  estate  in 
Berkshire  ;  also  with  one  or  two  agricultural  clays,  contradistinguished 
from  the  pottery  clay  before  mentioned. 

13.  In  all  these  cases  have  the  experiments  been  made  with  soil 
free  from  vegetation? — Yes  ;  there  was  of  course  vegetable  matter  in 
many  of  them,  but  no  living  vegetation. 

14.  In  point  of  fact,  you  believe  that  the  effect  observed  i"?  due  to 
the  mineral  matter  of  the  soil,  and  not  to  plants  of  any  description 
growing  in  it,  or  to  vegetable  matter  in  any  form? — Most  decidedly  ; 
that  such  is  the  case,  is  put  beyond  a  doubt  by  the  experiments  [  have 
made  with  potters'  clay  dug  from  a  depth  of  20  feet,  and  containing 
no  appreciable  quantity  of  vegetable  matter. 

15.  You  mentioned  that  the  alkaHes  and  alkaline  salts  were  arrested 
by  filtration  through  soils ;  will  you  state  to  what  salts  you  have  ex- 
tended your  observation  ? — I  have  found  that  the  alkalies  potash, 
soda,  and  ammonia  in  their  caustic  state,  or  in  the  state  of  carbonates, 
are  absorbed  by  soils  ;  in  the  case  of  all  other  salts  of  these  alkalies, 
such  as  their  sulphates,  muriates,  or  nitrates,  ihe  base  only  \s  arrested, 
the  acid  of  the  salt  passing  through  in  combination  with  lime  derived 
from  the  soil.  Thus,  if  a  solution  of  sulphate  of  ammonia  is  made  to 
filter  through  a  soil  which  itself  yields  no  soluble  salt  of  lime  to  water, 
the  ammonia  is  left  in  the  soil,  whilst  abundance  of  sulphate  of  lime 
is  found  in  the  filtered  liquid.  The  presence  of  lime  in  a  soil  enables 
it  not  only  to  arrest  the  alkaline  carbonates,  but  the  alkaline  base 
of  all  such  other  combinations.^ 

16.  That  is  to  say,  if  a  solution  of  any  of  the  ordinary  salts  of 
potash,  soda,  or  ammonia  is  filtered  through  a  soil,  the  filtered  liquid 
no  longer  contains  such  salt,  but  has  taken  up  in  its  place  a  corre- 
sponding salt  of  lime  ?— Precisely  so.  If  I  filter  muriate  of  soda  (com- 
mon salt)  through  a  soil,  and  analyze  the  resulting  solution,  I  shall 
find  in  it  exactly  as  much  muriatic  acid  (chlorine)  as  in  the  original 
solution  ;  and  in  the  place  of  soda,  I  shall  obtain  a  corresponding 
quantity  of  lime  ;  in  other  words,  for  muriate  of  soda  I  obtain  an  equi- 
valent quantity  of  muriate  of  lime. 
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17.  What  would  be  the  effect  of  passing  this  filtered  solution  ProfeBsot 
through  a  second  bed  of  the  same  soil?  would  the  muriate  of  lime  be 
removed  by  such  a  process? — Certainly  not;  the  soil  has  no  further 
power.  Indeed,  in  any  filtration  of  a  limited  quantity  of  liquid  through 
a  bed  of  soil  of  considerable  thickness,  this  double  filtration  does  in 
reality  occur.  The  change  takes  place  in  the  first  instance  in  the 
upper  portions  of  the  soil,  and  the  altered  liquid  has  subsequently  to 
pass  through  a  stratum  of  fresh  soil,  and  yet  we  find  that  the  very  first 
portions  that  pass  through,  contain  a  salt  of  lime  corresponding  to  the 
alkaline  salt  that  has  been  used  in  the  experiment.  This  is  the  prac- 
tical result,  and  it  is  easy  to  see  that  it  should  be  so.  The  arresting 
power  of  the  soil  is  for  the  alkaline  base,  not  for  the  whole  salt ;  but  it 
is  out  of  the  question  that  such  an  action  should  take  place,  unless 
there  were  something  present  to  combine  with  and  saturate  the  acid  of 
the  coirfpound.  Lime  performs  this  office  for  the  salts  of  all  the  other 
alkalies  and  alkaline  earths  ;  but  its  own  salts  must  be  an  exception  to 
the  general  rule. 

18.  Then  you  are  quite  unable,  by  filtration  through  a  soil,  to  re- 
move from  water  any  of  the  salts  of  lime  it  may  contain  ? — Not  exactly 
so.  I  before  stated,  that,  besides  the  caustic  or  free  alkalies,  the  soil 
had  the  power  of  removing  from  solution  the  carbonates  of  these  bases, 
and  that  without  introducing  into  the  liquid  any  corresponding  salt  of 
lime.  In  the  same  way  lime,  when  dissolved  in  water,  as  it  exists  in 
lime-water,  which  is  a  solution  of  caustic  or  free  lime,  is  entirely  sepa- 
rated by  filtration  through  a  soil.  Carbonate  of  lime  also,  when  dis- 
solved in  water  by  means  of  carbonic  acid,  is  entirely  removed  by 
passing  the  wa*er  through  an  ordinary  soil  or  through  a  pure  ciay. 

19.  Then,  if  I  understand  you  aright,  in  operating  upon  a  solution 
of  lime,  part  of  which  is  in  the  state  of  carbonate,  and  part  in  the  state 
of  sulphate  and  muriate,  you  can,  by  filtration,  entirely  remove  the  car- 
bonate of  lime  ;  but  your  filter  bed  will  not  arrest  any  portion  of  the 
other  salts  I  have  named  ? — Jusl  so.  I  may  further  observe,  that  all 
the  ordinary  salts  of  lime  being  soluble,  are  washed  from  the  soil  by 
the  water  of  rain  passing  through  it,  which  would  not  be  the  case,  were 
they  compounds,  which  the  soil  possessed  the  power  of  combininf^-  with 
and  arresting.  ° 

20.  Have  you  made  any  experiments  to  ascertain  the  extent  of  this 
power  of  soils,  and  can  you  state  to  what  amount  the  abstraction  of  salts 
by  such  filtrations  would  occur?— I  have  made  a  great  number  of  accu- 
rate experiments  on  this  point  with  different  soils,  and  with  solutions  of 
salts  of  ammonia,  potash,  soda,  lime,  and  magnesia,  &c.,  of  various 
strengths.  The  method  of  filtration  was  not  in  all  these  cases  adopted, 
aithough  convenient ;  it  is,  indeed,  unnecessary  to  the  success  of  the 
process  ;  for  the  power  of  soils  to  unite  with  the  alkaline  bases  is  so 
marked,  that  you  have  only  to  stir  up  with  the  solution  a  quantity  of  the 

'\  ^^^^'•^■'^'•ds  to  subside,  and  the  clear  liquid  will  be  found 
s  renir  T^/''?  f^""  ^^^^^^  employed,  or  sensibly  diminished  in 
cent  fi"^  t^at  an  ordinary  loam  will  absorb  about  T-Vths  per 

so  on  fnr  .1  ^^'l  ammonia,  and  about  one  per  cent,  of  potash,  and 
quantitv  n^'       '  'T^u  ^^^"^  ^«        been  speaking.  This 

?f  atven^P. '  ''^^''y  enormous,  when  the  weight 

a  given  area  of  soil  is  considered.    Thus,  for  instance,  the  soil  of  an 
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Professor  aCTC  of  land  one  inch  deep  will  weigh  about  100  tons,  or  10  inches  in 
Way.  ^gpti^  1^000  tons.  This  quantity  of  soil  would  therefore  arrest,  and 
combine  with  three  tons  of  ammonia,  or  10  tons  of  potash.  To  furnish 
three  tons  of  ammonia,  15  tons  of  sulphate  of  ammonia,  or  nearly  20 
tons  of  Peruvian  guano  must  be  employed ;  so  that  I  am  justified  in 
saying  that  this  property  of  soils  is,  practically,  enormous. 

21.  To  what  extent  does  the  separation  of  carbonate  of  lime  by 
filtration  go?— Under  the  most  favourable  circumstances,  that  is  to 
say,  by  stirring  up  the  materials,  so  that  every  portion  of  them  should 
come  in  contact,  I  find  that  100  parts  of  a  soil  will  absorb  about  1^ 
parts  of  carbonate  of  lime;  or,  comparing  this  with  the  previous  illus- 
tration, you  will  perceive  that  an  acre  of  soil  10  inches  in  depth  would 
arrest  15  tons  of  carbonate  of  lime.    And  we  may  form  a  further  idea 
of  this  power  in  altering  the  chemical  composition  of  water,  by  calcu- 
lating the  effect  which  the  filtration  through  a  soil  would  hiJi^e  upon 
Thames  water.    Supposing  this  water  to  contain  14  grains  of  carbonate 
of  lime  in  the  gallon,  it  would  be  found,  from  the  above  data,  that  an 
acre  of  soil  10  inches  deep  would  remove  the  carbonate  of  lime  of  about 
17,000,000  gallons;  or,  if  the  water  have  to  pass  through  five  feet  of 
soil  before  reaching  the  drains,  100,000,000  gallons  would  be  purified 

^^22^  Youf  results  appear  to  have  a  close  and  practical  bearing  upon 
many  of  the  operations  of  agriculture.  But,  confinmg  our  at  ention 
now  to  the  composition  of  water,  will  you  state  what  general  conclusu^n 
as  to  the  quality  of  water  from  different  natural  sources  you  would  be 
inclined  to  draw  from  a  knowledge  of  this  V^^W^^ ^f'^-^^^^^. 
n  mind  that  I  attribute  the  power  in  question  to  clay,  I  should  expect 
thaTrain-water,  falling  on  a  sand,  would  wash  out  from  it  any  soluble 
salts  iTLpp  ned^  until  in  the  lapse  of  years  or  ages,  nothing 

soluble  remained  to  be  washed  ou't.  Falling  on  a  loam  or  open  fr.able 
so  l  contlino-  a  certain  portion  of  clay,  it  would  wash  out  from  it 
onlY  the  so  ubfe  ,alts  of  lime,  such  as  the  muriate  and  sulphate,  i  these 
happ  ned  to  exist  in  it.  Supposing  this  soil  to  be  m  cultivation  I 
coSvethat  none  of  the  -^'^  f  ^he  V'^^fli^^^^^^^ 

portion  °f  '™       of  the  other  alkalies  would  be  transformed 

""r^'u  of  iTme  and  be  equally  liable  to  be  carried  away  by  dramage 
,nto  ^-^'^^l^^^^^l^^^^^  drainage,  the  more  regularly  would  the 
water.    The  ^^^^  P^^'^^^  ^ rtion  becoming  active,  the  more 

Etimehad^been  allowed  for  the  <i'™ase  to  'J^^f  ;X  ban 
eonceive,  be  sull  ies,  likely  T   a    h^^pened  to  be  free 

those  oflime  before  meot.oned.    If  such  a  clay  n  pp 
from  irvpsum,  the  most  common  soluble  salt  of  "me,  tnc  u       "     .  , 
SI 'be  co^tammated  only  wUh  those  -"P"  «ts;'.o'd^^^^^^^^ 

« '^^X^^^^ '"^ 

"  2T  Thtt  good  cultivation  you  include  good  drainage  ?-CertainIy  ; 


II 


Importance  of  Drainage. 


129 


efficient  drainage  of  soils,  not  by  surface-drains,  but  by  drains  at  a  Profeseor 
proper  depth,  amongst  other  advantages,  seems  to  offer  the  additional 
one  of  distributing  the  mamiring  substances  artificially  applied,  or 
derived  from  the  atmosphere  by  rain,  through  every  part  of  the  soil  ; 
by  this  equable  distribution  of  the  salts  of  manure,  a  perfect  immunity 
from  loss  is  secured. 

24.  Have  you  analyzed  any  drainage- waters  ? — As  yet,  I  have  not 
completed  any  analyses  of  drainage  water  of  a  sufficiently  pertinent 
character  to  be  described  here.  I  have,  however,  arranged  with 
Mr.  Parites  the  plan  of  an  extensive  inquiry  into  the  actual  quality  of 
the  water  of  drainage  from  different  descriptions  of  soils. 

25.  Without  asking  you  the  particular  composition  of  the  waters  of 
land  drainage,  could  you  state  any  facts  relative  to  the  general  characters 
of  such  waters? — I  am  not  personally  possessed  of  sufficient  informa- 
tion to  give  an  opinion  on  this  subject;  but  I  have  been  told  by  Mr. 
Parkes,  to  whose  experience  on  such  questions  I  should  attach  great 
weight,  that  the  water  of  deep  drainage,  especially  on  clays,  was  found 
to  be  beautifully  clear  and  sparkling,  and  in  many  cases  of  a  softness 
closely  approaching  to  rain  water.  This  statement  has  been  confirmed 
by  all  those  experienced  in  drainage  of  whom  I  have  made  the  inquiry- 
One  gentleman  living  in  Essex  (Mr.  Majendie)  has  told  me  that  having 
drained  some  time  since  some  clay  lands  on  his  estate,  a  number  af 
cottagers  living  near  the  outfall  asked  his  permission  to  use  the  drainage- 
water  for  domestic  purposes  in  preference  to  their  usual  supplies. 

26.  You  have  described  the  circumstances  which  would  influence  the 
water  of  drainage;  would  the  same  observations  apply  to  land-springs 
and  shallow  wells  generally? — Yes,  the  composition  of  such  water 
would  probably  be  regulated  by  the  character  of  the  superficial  strata 
in  the  immediate  neighbourhood. 

27.  You  are  no  doubt  aware  that  the  water  of  the  artesian  wells  in 
the  chalk  contains  a  considerable  quantity  of  alkaline  salts.  How  do 
you  account  for  this  circumstance  ? — The  water  derived  from  any  stratum 
will  always  take  the  character  of  that  stratum  provided  there  is  anything 
in  it  that  water  is  capable  of  dissolving  out.  In  both  the  upper  and 
lower  chalk,  many  specimens  of  which  have  been  analyzed  in  my  labo- 
ratory, potash  and  soda  have  been  found  in  very  considerable  quantity.. 
These  1  beheve  exist  partly  in  the  form  of  silicates,  and  partly,  perhaps, 
in  the  form  of  a  double  carbonate  of  lime  and  potash,  or  soda,  which  is 
of  very  slight  solubility.  It  is  easy  to  see  how  water  containing  an 
excess  of  carbonic  acid,  as  the  water  of  the  chalk  does,  would  gradually 
liberate  and  dissolve  out  the  alkalies  from  it. 

28.  Supposing  you  were  to  apply  the  results  of  your  experience  to  the 
practice  of  collecting  and  storing  water,  and  supposing  it  were  desired 
to  obtain  water  which  had  fallen  on  the  surface  in  the  greatest  purity, 
would  your  experience  enable  you  to  express  a  confident  presumption 
iri  tavour  of  filtration  by  percolation  through  the  soil  as  a  means  of 
omanang  pure  water  rather  than  collecting  it  off  the  surface  ?— Cer- 

m  y  My  experiments  would  lead  ine  to  believe  that  water  which  had 
P^-rcoiated  the  surface-soil  to  any  depth,  from  2  to  (j  or  8  feet,  would, 
or  t  f  P"''^'"  than  water  either  flowing  over  the  surface 

aKen  from  greater  depths.    I  have  found  that  different  soils  possess 

e  power  of  removing  salts  from  water  to  a  different  extent.  Water 
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Professor  which.  lias  passcd  through  surface-soil  is  deprived  of  its  salts  to  a  greater 
extent  than  water  passing  through  a  soil  which  has  never  been  culti- 
vated ;  and  there  are  some  kinds  of  soil  (those  least  fitted  for  cultiva- 
tion) which  would  give  up  to  water  any  salts  they  might  contain  rather 
than  serve  to  purify  it.  It  is  for  this  reason  that  I  believe  that  water 
percolating  cultivated  soils  would^  on  the  whole,  be  freer  from  salts 
than  that  collected  on  the  surface  or  taken  from  great  depths. 

29.  Would  not  water,  after  having  passed  through  one  description 
of  soil  and  lost  its  salts  be  likely  to  obtain  more  mineral  matter  in  jjer- 
colating  other  varieties  of  soil  ? — Yes ;  I  have  before  observed  that  water 
will  possess  the  character  of  the  rock  through  which  it  last  flows  and 
from  which  it  issues,  unless  in  the  case  of  sandstone  districts,  which 
probably  neither  give  to  or  take  anything  from  water.  I  think,  however, 
that  from  what  we  now  know  of  the  action  of  clay  upon  water,  we  may 
safely  conclude  that  many  other  strata  of  the  earth  besides  the  deposits 
of  clay  will  possess  the  power  of  greatly  modifying  the  character  of  any 
particular  water. 

30.  Does  your  experience  enable  you  to  prefer  any  kind  of  earth, 
looking  to  the  agricultural  objects,  namely,  the  retention  of  a  certain 
quantity  of  the  salts  required,  and  to  the  sanitary  object  of  having  the 
^'ater  free  from  such  salts  as  would  be  injurious  or  useless Can  you, 
an  fact,  point  to  anyone  description  of  soil  that,  for  domestic  purposes, 
iwouUl  form  a  better  filter  than  others,  supposing  the  filtration  to  be  by 
shallow  drains  near  the  surface  ?— I  attribute  the  property  in  question 
solely  to  the  clay  ;  and  I  believe  that  the  circumstance  of  surface-soils 
(such  as  those  mentioned  before  as  containing  only  30  or  40  per  cent, 
of  clay)  possessing  this  power  in  greater  intensity — weight  for  weight — 
-than  pure  natural  clay,  is  due  to  the  production  of  a  greater  amount  of 
the  active  substance  in  those  clays  which,  by  cultivation,  are  exposed 
to  atmospheric  and  other  agencies  ;  but  there  is  plainly  a  distinction  to 
be  drawn  between  the  circumstances  most  favourable  for  the  mere 
collection  of  water  comparatively  pure,  like  rain-water,  and  those 
which  would  conduce  to  the  purification  of  a  water  impregnated  with 
.salts,  such  as  the  water  of  all  rivers. 

31  For  the  collection  of  the  rain-fall  of  a  given  district,  what  soil 
would  you  prefer  ?— I  should  say  decidedly  a  sand.  Rain-water,  when 
collected  at  a  distance  from  towns,  is  fit  for  every  purpose,  and  contams, 
I  imao-ine,  little  which  in  a  sanitary  or  domestic  point  of  view  it  would 
be  iinportant  to  separate.  AH  that  is  required  from  the  coUectmg 
surface  in  this  case  is,  that  it  shall  perform  its  office  without  imparting 
to  the  water  anything  to  render  it  impure.  Sands  which  have  been 
washed  by  rain  for  ages  are  most  likely  to  fulfil  this  condition,  and 
would  possess  the  further  advantage  of  allowing  the  ready  escape  and 

collection  of  the  water.  •       ,        „  iw 

32.  Have  you  analyzed  the  specimens  of  water  given  to  you  Dy 
Mr.  Paine,  of  Farnham  ?— I  have  examined  them  to  a  certain  extent. 

33.  Will  you  state  the  resuU  of  that  examination  ?— The  specimen 
which  I  operated  upon  was  obtained  by  Mr.  Paine  and  myse  f  from  the 
commons  near  Farnham,  being  collected  from  a  small  well  near  it5 
source  through  wliich  the  water  flows  in  its  way  to  the  town.  1  tound 
it  bright  and  sparkling,  and  quite  d.tferent  to  what  we  are  in  the  hatnt 
of  re?o"  nizing  in  rain-water,  which  is  usually  collected  in  a  manner  very 
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unfavoura'ble  to  its  qualities  for  domestic  or  other  purposes.  The  total  Professor 
quantity  of  salts  of  any  kind  in  a  gallon  of  this  water  proved  to  be 
1  •  5  o-rains,  which  so  far  as  I  am  aware  is  as  small  a  proportion  as  is 
found  in  any  considerable  body  of  natural  water  from  any  source.  The 
proportion  of  lime  I  found  to  be  •  168  grains  in  a  gallon,  which  is 
equivalent  to  exactly  To-'hs  of  a  grain  of  carbonate  of  lime  in  the  gallon, 
or  xVths  of  a  degree  of  hardness  of  Dr.  Clark's  test. 

34.  Was  the  whole  of  this  lime  in  the  state  of  carbonate? — I  am 
inclined  to  think  not,  since  a  considerable  quantity  of  chlorine  was 
found  in  the  water,  most  probably  existing  as  muriate  of  lime.  My 
analysis  of  the  water  has  not,  however,  been  complete,  for  one  reason 
amongst  others,  which  a  chemist  would  readily  understand,  that  is  to 
say,  that  the  water  contains  so  little  salt  of  any  kind  that  it  is  difficult 
to  evaporate  enough  of  it  for  analysis  without  running  the  risk  of  intro- 
ducing as  much  impurity  from  the  vessels,  &c.,  used  in  the  process  as 
the  water  itself  contains. 

35.  How  would  you  account  for  the  presence  of  muriate  of  lime,  or 
in  fact  of  any  salt  at  all  in  the  water,  seeing  that  it  falls  on  a  sand 
through  which  millions  of  gallons  of  rain-water  must  have  passed  in 
the  same  way  ? — It  is  difficult  to  answer  that  inquiry.  The  sand  in 
question  is  not  a  chemically  pure  sand  ;  but  besides  the  Tegetable 
mould  at  its  surface  bearing  ferns  and  heath,  veins  of  clay,  intermixed 
with  sand,  run  through  it.  It  seems  to  me  that  the  muriate  of  lime  is 
derived  from  common  salt,  brought  down  by  rain  and  changed  by  its 
passage  through  the  little  clay  in  the  soil  into  a  corresponding  salt  of 
lime.  Sea  bieezes  are  known  to  carry  common  salt  many  miles  into 
the  interior  of  the  country,  and  the  Farnham  commons  would  readily  be 
reached  in  this  way  from  the  south  and  south-west. 

36.  Would  the  muriate  of  lime  be  objectionable  as  an  ingredient  of 
water  to  be  employed  for  drinking  and  general  domestic  purposes  ? — 
We  know  little  or  nothing  of  the  effects  upon  health  of  infinitesimal 
doses  of  different  salts  when  taken  constantly  in  water;  but  assuredly 
if  so  small  a  quantity  of  a  salt  of  lime  be  objectionable,  no  natural 
water  on  the  face  of  the  earth  is  fit  for  drinking.  As  for  the  hardness 
of  the  Farnham  water,  I  have  already  stated  that  it  only  reaches 
•nrths  of  a  degree  of  hardness,  that  is  to  say,  3-Vth  of  the  average  hard- 
ness of  the  Thames  at  Hammersmith. 

37.  In  both  a  sanitary  and  an  economical  point  of  view  you  would, 
then,  consider  such  water  of  proper  qnality  for  the  supply  of  the  metro- 
polis or  of  any  large  town  ?— Undeniably ;  I  have  before  stated  my 
belief  that  rain-water  collected  in  a  pure  atmosphere,  and  on  surfaces 
uncontaminated  with  decaying  animal  or  vegetable  matter,  or  with 
soot,  &c,,  is  the  most  perfect  form  of  water.  It  is,  in  fact,  the  nearest 
approach  to  distilled  water  ;  but  having  the  advantage  over  artificially 
aistiUed  water  of  being  well  aerated,  and  therefore  agreeable  to  drink. 
1  consider  the  water  of  Farnham,  of  which  we  are  speaking,  to  be  ram- 
on  the  lanre  Icl/"^       "^""^  ""^'''^^P^'^"^^!^  manner  that  is  practicable 

inf^snrf^^'^V^""^'^  recommend  as  to  the  treatment  of  such  coUect- 
what  ''"P''o^i"g  or  preserving  the  quality  of  water  so  derived  ? 

Tures  ^'V'  Z'^'*''*'^"  """^^^^        encourage?  or  would  you  take  mea- 
10  destroy,  as  far  as  possible,  all  kinds  of  vegetation  ?— I  would 
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Professor  certainly  encoura2je  some  sort  of  ven^etation,  in  order  that  the  ammonia, 
and  other  matters,  mineral  and  organie,  brought  down  from  the  atmo- 
sphere might  be  used  up,  and  prevented  from  contaminating  the  water. 
I  do  not  feel  competent  to  give  an  opinion  as  to  the  kind  of  plants, 
vvhicli  it  would  be  best  to  have  on  these  collecting  grounds,  but  they 
should  be  such  as  would  not  need  the  application  of  manure  of  any 
kind  ;  an  application  which,  on  such  a  soil,  would  directly  or  indirectly 
be  productive  of  injury  to  the  quality  of  the  water.  It  would  of  course 
be  desirable  that  if  any  kind  of  produce  could  be  made  to  grow  on  such' 
soils  without  manure,  it  should  be  such  as  to  repay  the  cost  of  collection  ; 
and  lor  the  same  reason  that  I  should  object  to  direct  manuring,  I 
should  object  also  to  the  extensive  feeding  of  cattle  or  stock  of  any 
kind  on  that  produce  as  it  grows. 

39.  You  mean  that  the  produce,  if  any,  should  be  carted  off  the- 
land? — Decidedly  ;  and  I  mean,  further,  that  in  order  to  keep  up  the 
balance  in  the  composition  of  the  soil,  and  lo  prevent  the  accumulation, 
of  matters  derived  remotely  from  the  atmosphere,  a  certain  quantity  of 
produce  should,  in  a  given  time,  always  be  removed. 

40.  Has  no  kind  of  plants  occurred  to  you  as  likely  to  meet  these- 
requirements  ? — Perhaps  gorse,  if  it  could  be  made  to  grow  in  such- 
soils  would  be  the  very  best  produce  to  encourage;  a  canal  or  canals- 
running  into  the  Thames  pass  through  the  very  centre  of  the  district.. 
Gorse,  when  properly  prepared,  has  been  found  an  excellent  food  for. 
stock  ;  and  I  have  heard  that  its  good  effect  upon  horses,  racing  and 
pleasure-horses  especially,  is  remarkable.  It  has  been  used,  I  believe,, 
in  the  stables  at  Ascot,  and  gives  a  singularly  smooth  coat  and  other 
healthy  character  to  horses  fed  upon  it.  I  can  conceive  that  being 
properly  packed,  it  would  economically  be  brought  by  barges  to. 
London  for  the  use  of  stable  and  cow-keepers,  and  afford  a  profit  upon 
its  cultivation. 

41.  Does  your  observation  enable  you  to  say  whether  gorse  or  furze 
would  grow  on  such  commons  ? — I  cannot  say.  I  have  seen  it  on  the 
same  kind  of  soil  in  many  parts  of  Surrey  and  in  parts  of  Kent,  as  at 
Tunbridge  Wells  (where  the  soil  is  a  gravelly  sand),  on  what  is  called 
by  geologists  the  "Hastings  sands,"  gorse  flourishes  in  great  luxii- 
riance.  It  is  said,  however,  to  dehght  in  a  heavy  clay  subsoil ;  and  it 
may  be  doubted  whether  the  sandy  commons  would  be  suitable  to  it, 
except  where  the  clay  below  comes  tolerably  near  to  the  surface. 

'  42  You  are  then  clearly  of  opinion  that,  for  the  preservation  of  the 
water  in  its  integrity,  the  collecting  grounds  should  not  even,  if  other- 
wise practicable,  be  brought  into  general  cultivation  ?— Yes,  unless  by 
the  admixture  of  clay  the  manure-retainmg  properties  ot  the  soil, 

could  be  increased.  , 

43.  We  have  hitherto  spoken  of  the  circumstances  attecting  tnet 
quality  of  water  as  regards  salts  and  other  mineral  impregnations.  Do 
vou  possess  any  information  bearing  upon  the  vegetable  or  animal  sub- 
stances occurring  in  water,  and  the  possibility  of  purifying  water  so. 
contaminated  ?— My  experiments  on  soils  have  been  extended  with  con- 
siderable success  to  this  branch  of  the  question.  I  have  passed  various 
animal  and  vegetable  solutions,  such  as  stinking  cow  s  urine,  sewer- 
water,  putrid  human  urine,  the  water  produced  by  the  steeping  of  Hax, 
&c    through  filter-beds  of  soil ;  and  when  passed  through  they  have 
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been  entirely  deprived  of  smell  and  taste,  except  an  earthy  smell  derived 
from  the  soil. 

44.  Were  these  solutions  offensiTe  to  the  smell  ? — Yes ;  they  were 
faifflily  offensive  and  coloured  ;  and  the  liquid  dropped  from  the  filtering- 
soil  so  colourless  and  inoffensive,  that  it  might  be  even  tasted  without 
diso-ust.    It  was,  in  fact,  a  mere  solution  of  various  salts  of  lime. 

45.  You  think  that  mechanical  separation  of  suspended  animal  and 
■vegetable  matter  would  not  have  produced  the  same  result? — Certainly 
not.  I  have  over  and  over  again  filtered  these  same  liquids  through 
teds  of  fiue  sand,  without  in  any  degree  removing  these  offensive  pro- 
perties. And  as  in  the  case  of  the  absorption  of  potash,  ammonia,  &c., 
by  soils,  this  deodorizing  process  can  be  effected  without  filtration  by 
simply  stirring  up  the  liquid  and  the  soil  together ;  when  this  latter 
subsides,  the  solution  will  be  found  colourless  and  devoid  of  smell  and 
taste. 

46.  Are  you  aware  that  it  has  been  stated  that  in  the  surface  distri- 
bution of  sewer-water  by  jet  or  hose,  all  trace  of  smell  disappears  in 
lialf  an  hour  after  the  manure  has  been  applied  to  pasture-land  ? — Yes; 
and  although  no  doubt  plants  begin  the  absorption  of  manure  in  solution 
immediately  it  is  presented  to  them,  there  is  no  doubt  that  the  observed 
effect  is  due  to  the  soil  and  not  to  the  plant,  and  that  the  result  would 
be  the  same  if  the  sewer-water  were  applied  to  arable  land  not  at  the 
time  bearing  a  crop. 

47.  Do  you  attribute  the  effect  of  soils  upon  organic  matters  also  to 
the  clay  contained  in  the  soils? — Yes. 

48.  By  filt-ation  of  the  water  of  rivers  containing  salts,  giving  hard- 
ness and  different  animal  and  vegetable  matters  in  solution  through  a 
bed  of  soil,  you  can  remove  all  these  and  produce  comparatively  pure 
water? — I  can,  with  the  exception  of  those  salts  of  lime  before  enume- 
Tated,  and  such  other  salts  of  lime  as  will  be  formed  from  alkaUne 
sulphates,  muriates,  and  nitrates.  I  have  in  this  way  reduced  Thames 
•water  of  15  degrees  of  hardness  (15  grains  of  carbonate  of  lime  in  the 
gallon)  to  less  than  2  degrees  of  hardness,  and  rendered  it  soft  and 
pure. 

49.  Do  you  imagine  that  any  such  filtering  process  is  applicable  to 
the  preparation  of  water  for  towns  like  London? — It  would  require 
great  and  careful  consideration  to  give  a  satisfactory  answer  to  that 
question,  the  quantity  of  water  required  for  London  being  so  enormous ; 
but  I  should  by  no  means  despair  of  its  applicability  to  other  towns 
where  the  necessary  supply  is  more  limited. 


Second  Examination. 

thJ'r.n^^'^^  conceive  will  be  the  effect  of  soft  as  compared  with 

and  i^r"'"''"  ^      '^"^^'^  reception  and  removal  of  human  faeces 

xyo\uTT'-      '^^/PP^ication  as  manure?— I  am  not  aware  that  in  this 

ordina? V  T""!  '  '"'^^^^  P°««^«^  ^"Y  "stable  advantage  over 

"uiuinary  hard  water.  ^ 

2.  What  will  be  the  effect  of  the  immediate  reception  of  such  matter 
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Professor  in  cold  water,  and  its  immediate  removal  in  cold  water,  as  compared 
^*y-  with  the  effect  of  its  rem.oval  after  exposure  to  the  atmosphere  during 
one  or  several  days,  the  effect  upon  the  productive  value  and  quality 
of  the  matter  as  manure  ? — As  a  question  of  the  agricultural  application 
of  sewage  manure,  there  is  an  easy  answer  to  this  on  general  principles. 
The  offensive  smells  and  noxious  gases  that  are  given  off  in  defective 
sewerage  are  for  the  most  part  caused  by  those  substances  which  are 
the  most  valuable  ingredients  of  manure,  that  is  to  say,  by  the  com- 
pounds of  nitrogen,  sulphur,  and  perhaps  of  phosphorus;  just  in  pro- 
portion, then,  as  our  noses  are  offended  and  our  health  undermrned  by 
these  exhalations  will  be  the  loss  suffered  in  the  manuring  power  of 
the  matter  which  gives  rise  to  them. 

3.  What  do  you  expect  will  be  the  nature  of  the  emanations  from 
faeces  immediately  received  and  removed  in  the  proportion  of  half-a- 
gallon  to  one  gallon  of  cold  water  each  time  of  discharge? — The  faeces 
and  urine  when  first  voided  have  but  little  smell,  and  that  little  in  the 
case  of  the  former  is,  I  imagine,  due  to  the  biliary  and  other  secretions, 
and  in  no  way  connected  with  the  escape  of  any  notable  quantity  of 
o-aseous  matter.  It  is  not  until  after  these  have  been  exposed  for  some 
time  to  the  combined  action  of  air  and  water  that  decomposition  can 
commence,  and  noxious  gases  be  given  off.  If,  therefore,  the  faeces  and 
urine  could  be  received  in  the  quantity  of  water  you  mention,  and  at 
once  removed  by  it,  the  cause  of  offence  to  the  senses  and  the  health 
would,  it  should  appear,  be  reduced  to  a  minimum. 

4.  Since  your  last  examination  you  have,  I  believe,  received  another 
quantity  of  water  from  Farnham  ? — I  have. 

5  Have  you  made  any  analysis  of  it,  and  if  so,  describe  the  results 
you  have  obtained?— I  have  made  a  tolerably  complete  analysis  of  this 
second  specimen,  and  find  it  to  differ  considerably  from  the  one  before 
sent  to  me.  It  is  right  that  I  should  mention  that,  m  forwarding  the 
jars  of  water  at  my  request  at  the  early  part  of  la^^t  month,  Mr.  Paine 
informed  rae  that,  owing  to  the  unusually  heavy  rains,  and  to  the 
very  recent  cleaning  out  of  the  wells  through  which  it  has  to  pass  m  its 
proo-ress  to  the  town,  the  water  was  by  no  means  in  its  ordinary  con- 
dition ;  circumstances,  however,  would  not  allow  of  my  delaying  the 
analysis  till  another  sample  could  be  procured.  I  found  this  water 
to  contain  5-191  grains  of  solid  matter  in  the  gallon,  or  more  tha.n 
three  times  as  much  as  the  previous  specimen.  The  following  analysis 
exhibits  the  composition  of  this  solid  residue  :— 

irrains. 

Oro-anic  matter. and  combined  water  .  1*245 

Silica  -550 

Lime  (as  silicate?)  ^'^ 

Sulphate  of  lime  '280 

Sulphate  of  magnesia  *^^^ 

Chloride  of  magnesium  .... 

Chloride  of  sodium  .7^^ 

Chloride  of  potassium  '^-^^ 

5-323 

This  water  is  very  peculiar  in  one  respect ;  it  contains,  so  far  as  I 
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have  been  able  to  observe,  no  trace  of  carbonate  of  h'me,  or  of  any  Professor 
other  earthy  or  alkaUne  carbonate.  The  product  of  the  evaporation  of  Jl'  ■ 
upwards  of  two  gallons  of  the  water  (the  final  evaporation  being  efTected 
by  a  heat  short  of  300°  Fahrenheit)  did  not  give  a  perceptible  efferves- 
cence witli  hydrocloric  acid.  The  presence  of  organic  matter  which,  in 
the  former  instance,  was  barely  recognizable,  together  with  the  com- 
paratively larp;e  proportion  of  common  salt,  and  of  other  chlorides,  suf- 
ficiently convinces  me  thai  the  water  had  been  affected  by  disturbing 
causes  of  an  unusual  character. 

6.  You  think,  then,  that  the  sample  of  which  you  have  given  the 
analysis  would  exhibit,  in  all  probability,  the  latitude  of  impurity  to 
which  the  water  of  the  Farnham  commons  is  liable? — Taking  all  the 
circumstances  into  consideration,  and  comparing  the  results  with  the 
partial  examination  which  I  made  of  the  former  specimen,  I  should  say 
—yes, 

7.  In  this  its  worst  condition,  would  the  water,  in  relation  to  its 
application  to  domestic  and  other  purposes,  be  preferable  to  that  now 
generally  supplied  to  the  metropolis? — I  have  no  doubt  that  it  would; 
the  degree  of  hardness  was,  2°  and  although  less  bright  than  at  other 
times,  it  was  still  wholesome  and  agreeable  to  drink. 

8.  Does  it  occur  to  you  that,  in  addition  to  the  general  causes  of  dis- 
turbance to  which  you  have  alluded,  any  other  local  cause  may  have 
contributed  to  render  this  particular  specimen  of  water  less  pure  than 
usual? — 1  have  not  made  inquiries  upon  this  point,  but  I  can  quite  con- 
ceive that  if  the  soil  of  the  garden  or  gardens  beneath  which  the  pipes 
are  carried,  a  id  in  which  there  is  access  to  it  by  small  bricked  wells  as 
I  before  described,  had  been  lately  manured,  some  portion  of  the 
manure  might  have  found  its  way  into  these  wells,  and  thus  contami- 
nated the  water.  Tlie  soil  of  the  gardens  must  in  most  respects  closely 
resemble  that  of  the  commons,  which  is,  by  its  sandy  nalure,  and  the 
comparative  absence  of  clay,  very  little  adapted  to  retain  manure;  and 
although  I  am  not  prepared  to  say  that  such  has  been  the  case,  it  is  not 
impossible.  The  water  was  examined  for  nitric  acid,  which  (from  Dr. 
Smith's  experiments)  should  be  one  of  the  products  under  such  circum- 
stances, but  it  could  not  be  detected.  I  may  be  allowed  to  remark,  in 
this  place,  that  the  bare  possibility  of  such  a  contamination  having  taken 
place  shows  the  necessity  for  the  precautions  (with  regard  to  manure,. 
&c.)  which  I  have  before  urged,  in  case  these  sandy  commons  should 
be  used  as  gathering  grounds  for  the  supply  of  the  metropolis  with 
water. 

9.  Have  you  in  the  course  of  your  agricultural  inquiries  turned  your 
attention  to  the  employment  of  sewage  as  manure,  and  to  the  mode  by 
^hich  it  might  be  made  most  generally  available  ?— This  subject  has,  as. 
might  be  expected,  appeared  to  me,  as  to  most  persons  engaged  in  the 
same  pursuits,  of  the  very  last  interest  and  importance,  and  especially  in 

e  ation  to  the  experiments  on  the  absorptive  powers  of  soils  I  have 
Detore  described. 

ha!e  ^^^^         analysed  the  contents  of  any  London  sewer?— I 

of  Vew^^^'l'^  Jlf''^''*^^  t«  Board  the  nature  of  your  examination 
dirPPiinn  f  fu  ■  ^  ?  specimens  of  sewer  water  were  sent  to  me  by 
a.recl,on  of  the  Board  from  the  office  of  the  Commission  of  Sewers. 
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The  one  of  these  was  taken  from  a  sewer  in  Dorset-square,  the  other  from 
a  place  called  Barrutt's-court.  The  analyses  were  niade  for  me  by  Mr. 
Ogston.  In  analyzing  them  measures  were  taken  to  separate  the  solid 
suspended  matter  from  that  actually  in  solution,  so  that  the  manurinc: 
nature  of  each  might  be  clearly  ascertained.  The  solutions  were  .strained 
through  a  fine  cloth ;  the  solid  substances  were  dried,  and  the  quantity 
of  salts  in  solution  ascerlahied  by  evaporating  the  liquid  with  proper 
precautions  to  avoid  loss  of  aramoniacal  salts.  The  following  table 
shows  the  relation  between  the  soluble  and  suspended  matter: — 

No.  1,  from  Barrett's-court. 

The  imperial  gallon  contained — 
Of  substances  in  solution 
Of  insoluble  substances  . 


243-30  grains. 


248-96 


No.  2,  from  Dorset-square. 

In  the  imperial  gallon — 

Of  substances  in  solution  . 
Of  moveable  substances  . 


109-00  grains. 


100-70 


The  quantity  of  substances  at  any  time  present  in  a  given  quantity 
of  sewer  water  will  be  dependant  on  many  circumstances,  particularly 
on  the  time  of  collection  and  the  nature  of  the  water  supply.  This 
circumstance  accounts  for  the  first  specimen  containing  twice  as  much 
matter  dissolved  in  the  solid  state  as  No.  2.  The  relation  between 
these  is,  however,  of  equal  importance,  as  their  total  quantity  in 
reference  to  the  water  and  in  the  two  cases  a  certain  proportion 
between  soluble  and  insoluble  is  retained.  But  I  am  not  prepared  to 
say  that  such  an  uniformity  would  be  found  to  obtain  in  other  speci- 
mens. The  following  tables  exhibit  the  composition  of  the  soluble  and 
insoluble  substances  \n  these  specimens  of  sewer  water. 

Analysis  or  Sewek  Water.— No.  1.  From  Barrett's  Court. 


Organic  Matter  and  Salts  of  Ammonia  . 
Sand  and  detritus  of  the  Granite  from  the  Streets 

Soluble  Silica  

Phosphoric  Acid  

Sulphuric  Acid  

Carbonic  Acid  

Lime  

Magnesia 

Peroxide  of  Iron  and  Alumina 

Potash  

Soda  

Chloride  of  Potassium  

Chloride  of  Sodium  


An  Imperial  Gallon  contains  (in  grains 
and  tenths-3 — 


Soluble. 

Insoluble. 

Both. 

121-50 

180-32 

301-82 

*l-39 

19-30 

20-69 

1-57 

10-94 

12-51 

7-71 

2-73 

10-44 

10-71 

4-02 

14-73 

11-62 

3-97 

15-59 

7-50 

17-03 

24-53 

2-87 

Traces. 

2-87 

Traces. 

6-20 

6-20 

46-91 

1-22 

48-13 

None. 

1-51 

1-51 

None. 

None. 

None.  1 

31-52 

1-72 

33-24 

243-30 

248-96 

492-26 

*  This  is  some  small  proportion  of  insoluble  matter  escaping  the  linen  filter, 
and  properly  belonging  to  the  other  column. 
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The  insoluble  and  soluble  matters  are  both  capable  of  supplying- 
nitro"-en  or  ammonia  to  vegetation.  The  solution  contains  the  nitrogen 
in  the  form  of  ammoniacal  salts,  and  it  is  a  circumstance  of  great 
interest  and  practical  importance  that  all  the  nitrogen  in  the  liquid 
state  seems  to  be  in  the  form  of  ammoniacal  salts — the  urea  and  other 
animal  products  having  rapidly  passed  into  this  condition.    The  inso- 


luble matter  contains,  of  course,  no  ammoniacal  salts,  its 


nitrogen 


being  referrable  to  unchanged  animal  matters.    The  quantity  of  am- 
monia in  the  soluble  and  insoluble  state  in  a  gallon  of  sewer  water, 
calculating  the  nitrogen  of  the  solid  matter  as  if  it  had  passed  into 
amraonia,-is  as  follows:  — 
Ammonia  in  a  gallon — 

In  the  soluble  state      .     .     .    36*72  grains. 

In  the  insoluble  state  .     .     .  4*56 
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Organic  Matter  and  Salts  of  Ammonia  . 
Sand  and  detritus  of  the  Granite  from  the  Streets 

Soluble  Silica  

Phosphoric  Acid  

Sulphuric  Acid  

Carbonic  Acid  

Lime  

Magnesia   .    ,    .  , 

Peroxide  of  Iron  and  Alumina  .... 
Potash    ....         ...         ,  , 

Soda  !    ,  , 

Chloride  of  Potassium  ....... 

Chloride  of  Sodium  , 


An  Imperial  Gallon  contains  (in  grains 
and  tenths.) — 


Soluble. 


57-32 

0-  78 

1-  16 

2-  53 
0-28 

10-58 
7-40 
•07 
Trace. 

2-60 
None. 
None. 
27*27 


109-00 


Insoluble. 


23-00 
44-50 
12-09 


64 
63 
99 


8-37 
Trace. 

2-66 

0-72 
None. 
None. 

2-10 

100-70 


Botli. 


80-32 
45-28 
13-25 
4-17 
3-91 
12-57 


15 


77 
07 
66 
32 


2 

3 

None. 
"None. 
9*37 

209*70 


Professor 
Way. 


Ammonia : — 

In  the  soluble  state   15-16 

To  be  formed  from  the  soluble  matter  .  2-80 


It  wdl  be  observed  that  the  most  valuable  elements  of  the  nutrition 
of  vegetables  reside  chiefly  in  the  soluble  portion  of  the  sewage  water. 
Ihe  greater  part  of  the  nitrogen  (ammonia)  of  phosphoric  acid,  sul- 
phuric acid,  and  potash,  being  found  in  solution.  Any  process,  there- 
tore  of  ordinary  filtration  or  deposition,  by  which  the  solid  portion  only 
could  he  rescued,  would  be  very  imperfect. 

a  wi*^^"^^??        ^^^^^  ^^t^"*  analyzed  to  be  thrown  upon 

the  ^'^^^^  valuable  matters  you  have  mentioned  be  arrested  bv 

de-rreThT??*"'?  properties  of  the  soil,  or  would  they  in  any 
the  nor  •        ~7.  '"''^^  ^"  experiment  upon  this  point,  and  with 

soil  vvuTnir".  '^'i^"'"^  ^  ^^'^^^'^^  ''''  A  q"^"tity  «f  ^  l°amy 
qi-antitv  nf'^  ^  '^y^'"''"'  ^"  '^^P^^  of  6  inches,  upon  this  a 
throuo-h  in        rZ"''  ^^'''^         1'  '  it  began  to  pass 

"■•ough  m  about  10  mmutes,  and  in  two  hours  afterwards  a  qua,  tity 
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rather  more  than  equal  in  weight  to  the  quantity  of  soil  employed  has 
passed  through.  The  solid  matter  of  the  sewer  water  was,  of  course, 
arrested  mechanically.  The  clear  liquid  being  analyzed  furnished  the 
following  results  : — 

The  quantity  of  solid  matter  in  a  gallon  being  248*50  grains. 


Organic  matter  containing  no  nitrogen     .  60 '58 

Chloride  of  sodium      .     .     .     .     .     .  52*  73 

Chloride  of  magnesium   '67 

Chloride  of  calcium   8"89 

Carbonate  of  lime   104-98 

Sulphate  of  lime                    ....  17-49 

Loss  on  the  analysis   3*16 


248-50 


The  liquid  contained  no  potash,  no  ammonia  or  nitrogen  in  any 
form,  and  no  phosphoric  acid.  The  soil  had,  therefore,  deprived  it  of 
its  most  valuable  ingredients. 

Then  in  the  application  of  sewer  water  to  a  good  well-drained  per- 
meable soil  you  would  not  fear  loss  of  the  manuring  substances  by  the 
escape  of  the  water  in  the  drains? — Certainly  not.  The  experiment  I 
have  just  mentioned  would  be  an  absurdly  exaggerated  manuring  by 
sewer  water.  In  filtering  its  own  weight  of  water  through  the  soil  I 
am  employing  a  dose  of  manure  that  would  never  be  given  in  practice. 
Thus  supposing  the  active  surface  to  be  10  inches  deep,  it  would,  as 
before  stated,  be  1,000  tons  in  weight  on  an  acre.  Now  1,000  tons  of 
sewer  water  would  be  224,000  gallons,  which,  according  to  the  analysis, 
•would  furnish  about  half  a  ton  of  real  ammonia,  and  other  things  m 
proportion.  In  other  words,  to  put  on  a  quantity  of  sewage  of  this 
strength,  equal  to  the  weight  of  the  soil  to  10  inches  deep,  would  be  to 
manure  an  acre  of  land  with  three  tons  of  Peruvian  guano,  which  is 
fully  20  times  the  quantity  that  would  actually  be  used.  Therefore,  I 
say  that  in  practice  this  power  of  the  soil  would,  doubtless,  give  much 
more  favourable  results  than  were  obtained  in  my  small  experiments. 

Have  you  formed  any  calculation  of  the  money  value,  in  an  agricul- 
tural sense,  of  the  water  of  sewage,  supposing  means  existed  for  its 
readv  distribution  ?— It  would  not  be  difficult  to  obtain  an  approxima- 
tion to  this  result  if  our  calculations  were  based  upon  the  composition  of 
any  particular  specimen.  Thus  the  Barratt's-court  sewer  gave  about 
37  "-rains  of  ammonia  in  a  gallon  in  the  liquid  state,  and  about  4^ 
grains  more  that  would  be  formed  from  the  anima  matter  not  cUs- 
tolved.  Calhng  this  40  grains  altogether,  we  should  have  in  100,000 
gallons  about  570  lbs.  of  real  ammonia.  The  recognised  value  of 
ammonia,  as  shown  by  the  price  given  for  Peruvian  guano,  is  about 
6d.  a  pound,  so  that  the  ammonia  alone  of  this  100,000  gallons  of 
sewer  water  is  worth  more  than  14/.  ^^^^ 
And  the  potash,  phosphoric  acid,  and  other  substances,  would  make 
a  material  addition  to  this  value  ? — Yes. 
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Tliird  Examination.  Professor 

Way. 

1.  At  the  request  of  the  Board,  you  lately  visited,  in  company  with  — 
Dr.  Smith,  a  portion  of  the  Surrey  commons,  with  the  view  of  exa- 
mining the  water  on  the  spot :  be  good  enough  to  describe  the  result  of 

your  examination  ?— I  have  twice  within  the  last  fortnight  accompanied 
Dr.  Smith  into  Surrey.  On  the  first  occasion  (the  11th  of  May)  we 
visited  the  Bagshot  district ;  examining  all  the  streams  and  collections 
of  water  near  Farnborough,  Bagshot,  Chobham,  Pirbright,  &c.,  in- 
cluding an  area  of  perhaps  more  than  50  square  miles.  On  the  second 
occasion  our  attention  was  directed  to  a  district  to  the  south  of  the  above, 
comprising  the  country  between  Guildford,  Dorking,  and  Godalming, 
and  their  respective  neighbourhoods. 

2.  What  was  the  general  character  of  the  water  of  the  Bagshot  dis- 
trict?— The  water  running  from  the  sandy  commons  was  in  general 
very  soft;  it  was,  however,  in  many  cases  impregnated  with  peaty 
matter,  which  gave  it  a  brown  colour,  and  in  some  instances  it  had  a 
perceptible  taste  of  iron  ;  both  of  which  circumstances  are  of  course 
objectionable. 

3.  Did  you  consider  that  the  peaty  and  irony  taste  were  a  necessary 
condition  of  that  water  ;  or  would  it,  do  you  think,  be  possible  to  avoid 
these  characters,  so  that  the  water  of  the  districts  of  which  we  are  speak- 
ing might  be  safely  used  with  that  of  the  other  districts  where  these 
objectionable  characters  do  not  obtain? — Prom  all  that  I  saw,  I  was 
led  to  the  conviction  that  the  water,  if  properly  collected,  would  be  free 
from  these  impurities ;  or  that,  supposing  it  impossible  to  prevent  the 
contamination,  it  would  be  easily  and  economically  removed. 

4.  Can  yo.i  state  any  circumstances  seeming  to  justify  this  con- 
clusion? first  in  regard  to  the  water  obtaining  the  peaty  matter  and 
iron  ;  where  do  you  think  it  obtains  these  ? — A  lariye  part  of  this  district 
is  covered  to  a  variable,  but.  I  believe,  small  depth  with  peat  mixed 
with  iron  sand,  which  may  be  supposed  to  yield  both  these  substances 
to  water.  It  does  not  appear  to  me,  however,  that  the  rain-water  in 
falling  and  sinking  through  the  surface  dissolves  them,  or,  if  it  does, 
I  think  that  they  are  removed  in  the  passage  of  the  water  through 
the  sand  at  a  greater  depth.  My  reason  for  thinking  as  I  do  is,  that 
small  wells  to  the  depth  of  perhaps  two  or  three  feet  on  these  commons 
furnish  water  of  good  quality  and  quite  free  from  peaty  or  irony  matter  ; 
and  again  the  Farnham  water  which  I  have  before  described,  and  which 
is  obtained  from  land  of  a  similar  quality  in  most  respects,  is  quite  free 
from  such  matters  ;  no  doubt,  because  it  is  obtained  from  beneath  the 
surface.  The  water  appears  to  dissolve  the  peat  in  passing  through  the 
natural  conduits  or  small  streams  on  the  surface,  where  it  attacks  the 
vegetable  matters  on  the  banks  assisted  by  the  full  action  of  the  air. 

5.  Drainage  by  pipes  at  a  short  distance  from  the  surface  would  then 
seem  the  remedy  for  this  state  of  things? — It  would  appear  so,  and  it  is 
m  accordance  with  the  successful  experiment  in  collecting  such  water 
at  Farnham. 

6.  You  stated  that  if  the  water  so  collected  should  prove  to  be 
peaty,  or  impregnated  with  iron,  it  might  readily  be  purified  ;  how  d» 
you  imagine  this  would  be  done?— Dr.  Smith  and  I  observed  that  the 
water,  ui  flowing'in  the  shallow  streams,  deposited  large  quantities  of 
oclireous  matter  on  the  pebbles  at  the  bottom,  and  just  in  pronortiou  as 
this  occurred,  so  the  water  seemed  to  get  purer.    The  streams  were 
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better  as  they  reached  the  outskirts  of  the  district  than  they  were  near 
the  peaty  centre,  and  aUogellier  the  water  seemed  to  purify  itself  in 
running.  One  instance  of  this  view,  which  might  indeed  in  some 
degree  be  referred  to  the  purifying  power  of  clay,  may  be  worth  mention. 
A  stream  at  a  certain  point  north  of  Woking  Common  was  found  to  be 
unexceptionable  in  colour,  taste,  and  softness.  Two  miles  further  up, 
towards  its  source,  it  was  peaty  and  bad  tasted.  The  country  between 
these  points  was  of  very  different  character  to  the  general  district,  being 
a  tolerable  soil,  and  in  cultivation.  It  is  possible,  therefore,  that  the 
effect  might  in  part  be  due  to  the  action  of  the  clay  banks,  upon  the 
water  running  between  them.  But,  whatever  the  cause,  it  would  appear 
easy  to  imitate  it,  when  it  is  fully  understood. 

7.  You  think,  then,  that  the  water  of  the  Bagshot  district  will  be 
eventually  obtained  in  a  condition  of  satisfactory  purity  ? — I  believe  that, 
if  it  should  be  found  impracticable  by  under-draining,  or  attention  to  the 
natural  surface-conduits,  to  obtain  it  free  from  peat  and  iron,  these 
substances  will  be  readily  removed  by  simple  processes  in  imitation  of 
those  which  are  found  naturally  to  purify  it. 

8.  What  opinion  did  you  form  of  the  water  in  the  neighbourhood  of 
Guildford,  Dorking,  and  Godalming? — The  stream  and  pieces  of  water 
were  for  the  most  part  soft,  and  otherwise  good  water ;  in  some  cases, 
indeed,  remarkably  soft.  The  quantity  of  water  did  not,  however, 
appear  to  be  great ;  but  of  this  I  can  form  no  proper  opinion.  The 
district  is  for  the  most  part  rich,  and  consequently  cultivated ;  it  would 
therefore,  I  presume,  not  admit  of  the  same  means  for  collection  of 
water  as  the  sandy  wastes  in  other  parts  of  the  county. 


Examination  of  Samples  of  Water  from  Street  Drainage,  taken  from 
the  Gullies  in  the  Sewers  during  the  rain  of  6th  May,  1850. 
The  waters  were  all  more  or  less  turbid,  and  some  of  them  gave  off 
very  noxious  odours,  due  principally  to  the  escape  of  sulphuretted 
hydrogen  gas. 

Some  of  them  were  alkaline  to  test-paper,  but  the  majority  were  neutral. 
The  following  table  exhibits  the  quantity  of  matter  (both  in  solution 
and  in  the  solid  state)  contained  in  an  imperial  gallon  of  each  specimen. 

Street  Waters. 


Number 

of 
Bottle. 


7 

5 

12 


4 
2 

10 
6 
11 


Namk  ot  Street. 


Quality 

of 
Paving. 


f  Duke-street,  Manchester- 1 
\    square  J 

Foley-street  (upper  part) . 

Gower-street  .... 

Norton-street  .     .     •  • 
fHampstead-road  (abovel 
\    the  canal)  ....  J 

Ferdinand-street  . 

Ferdinand-place  . 

Oxford-street  .... 


» > 

1  > 


Macadam 

Granite 
>  > 

Ballasted 


5  ) 

Granite 
Macadam 
Wood 


Quality 

of 
Traffic. 


Middling 

Little 
Middling 
Little 

Great 

Middling 

Little 
[[Great 
I J 

5  > 


Kesidue  in  an  Imperial 

Gallon. 

Soluble. 

Insoluble. 

Both. 

Grains. 

Grains. 

Grains. 

92-80 

105-95 

198-75 

95-13 

116-30 

211-43 

126 '0 

168-30 

294-30 

123-87 

3-00 

126-87 

96-00 

84-00 

180'00 

41-00 

48-30 

92-30 

50-80 

34-30 

85-10 

276-23 

537-10 

813-33 

194-62 

390-30 

584-92 

34'00 

5-00 

39-00 

Samples  of  Water  from  Sti'eet  Drainage. 
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The  influence  of  the  quality  of  the  paving  on  the  composition  of  the  Professor 
drainage  water  is  well  seen  in  the  specimens  Nos.  10,  6,  and  11,  all  of 
them  from  Oxford-street,  the  traffic  being  described  as  "  Great." 

The  quantity  of  soluble  salts  is  here  found  to  be  greatest  from  the 
granite  matter  from  the  macadamized  road,  and  very  inconsiderable 
from  the  wood  pavement. 

The  same  relation  between  the  granite  and  macadam  pavement, 
seems  to  hold  good  in  the  other  instances;  the  granite  for  any  quality 
of  traffic  affording  more  soluble  salts  to  the  water  than  the  macadam. 

The  ballasted  pavement  holds  a  position  intermediate  between  the 
macadam  and  the  wood,  giving  more  soluble  salts  than  the  wood,  but 
less  than  the  macadam. 

The  quantity  of  solid  (insoluble)  matter  in  the  different  samples  of 
•water,  which  is  a  measure  of  the  mechanical  waste  of  the  different 
kinds  of  pavement,  appears  also  to  follow  the  same  relation  as  that  of 
the  soluble  salts;  that  is  to  say,  granite  greatest,  next  macadam,  then 
ballasted,  and  lastly  wood  pavement,  which  affords  a  quantity  of  solid 
deposit  almost  too  small  to  deserve  notice. 

The  influence  of  the  quahty  of  traflSc  on  the  composition  of  the 
different  specimens  of  drainage  is  well-marked  in  nearly  all  cases ;  the 
greatest  amount  of  matter  both  insoluble  and  soluble  being  found  in 
the  water  obtained  from  the  streets  of  great  traffic. 

It  is  worthy  of  notice,  however,  that  the  composition  of  the  water 
is  very  much  the  same  for  similar  qualities  of  pavement  in  those 
streets  where  the  traffic  is  described  as  "  Middling,  or  Little." 

The  quantity  of  water  at  disposal  (one-tenth  of  a  gallon  of  eacb 
specimen)  war  not  sufficient  to  allow  of  a  complete  analysis  in  each  case. 

The  following  table,  however,  shows  the  composition  of  the  soluble 
salts  of  four  specimens,  two  of  them  being  from  the  granite,  and  two 
from  the  macadam  pavement. 


Analysis  of  the  Soluble  Matter  in  difFerent  Specimens  of  Street  Drainage  Water. 


!  Grains  in  an  Imperial  Gallon. 

Great  Traffic. 

Little  Traffic. 

Granite. 
No.  10. 

Macadam. 
No.  6. 

Granite. 
No.  12. 

Macadam.- 
No.  7. 

Water  of  combination  and  some  soluble) 

Carbonic  acid     .     .  , 
Lime  .... 

Oxide  of  iron  and  alumina,  with  a  littlel 

piiosphate  of  lime  f 

Chloride  of  potassium  

>  J  sodium  

Jrotash  . 

77-56 

•51 

15-84 
30-49 
6-65 

None 

2-58 

None 

82-76 

29-07 

2-81 

12-  23 
38-23 

13-  38 
23-51 

1-25 

10-99 
44-88 
18-27 

•  • 

22-72 

•  ■ 

None 
4G-48 
25-90 
Trace 

•  • 

None 
18-44 
8-/5 
1-58 

13 '73- 

None 
34-08 
16-10 
3-50 

•  • 

2-79 
19-70 
5-23 

276-23 

194-62 

123-87 

95-13 

be  seen  that  the  soluble  matters  of  the  different  specimens  of 
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Professor  water  consist  of  salts  of  potash,  mag;nesia,  lime,  and  soda.  The 
quantity  of  sulphuric  acid  (in  the  state  of  sulphates  of  lime  and  potash) 
seems  to  be  very  little  influenced  either  by  the  quahty  of  the  pave- 
ment, or  the  (luality  of  the  traffic;  and  it  would  seem  probable  that  it 
owes  its  origin  to  the  large  quantities  of  sulphur  daily  thrown  into  the 
air  from  the  coal  burnt  in  the  metropolis.  This  sulphur,  in  whatever 
form  it  might  originally  exist  in  the  air,  would  rapidly  be  oxidated 
and  brought  down  in  tolerably  equal  quantity  in  the  different  streets. 

It  appears  from  the  table,  that  the  granite  furnishes  little  or  no 
magnesia  to  the  water,  whilst  the  quantity  from  the  macadam  is  con- 
siderable. . 

On  the  other  hand,  the  quantity  of  potash  is  far  greatest  in  the  water 

derived  from  the  granite. 

The  traffic,  as  was  before  seen,  has  a  very  great  influence  on  the 
quantity  of  the  soluble  salts.  It  seems  also  to  influence  their  com- 
position, for  we  find  no  carbonates  either  in  the  water  from  the  granite, 
or  that  from  the  macadam  where  the  traffic  is  little ;  whereas  when  it  is 
o-reat  carbonates  of  lime  and  potash  are  found  in  the  water  in  large 
quantity  a  circumstance  which  is  no  doubt  attributable  to  the  action 
of  decayin"-  organic  matter  on  the  mineral  substances  of  the  pavement. 

The  waters  contain  small  quantities  of  salts  of  ammonia  in  solution, 
but  their  proportion  was  not  ascertained.  •    ,  , 

The  insoluble  matter  in  the  waters  consists  of  the  comminuted 
material  of  the  road  itself,  with  small  fragments  of  straw  and  brokendung. 

The  relation  between  the  mineral  and  organic  portions  wa^  ascer- 
tained in  three  samples,  and  was  as  follows:— 

Insoluble  organic  matter 
Per  Cent.  in  the  Gallon. 

Numbers  24-00  40-39 

6  14-48  56-51 

\\  10  38-39  220-01 
The  quantity  of  soluble  salts  (especially  of  salts  of  potash)  in  many 
of  these  samples  of  water  is  quite  as  great,  and  in  some  cases  greater 
than  that  found  in  the  samples  of  sewer-water  that  have  been  exa- 
mined ;*  and  it  is  open  to  question  and  further  inqmry,  whether  the 
water  obtained  from  the  street-drainage  of  a  crowded  c.ty  might  not 
often  be  of  nearly  equal  value  as  liquid  manure  with  the  sewer-water 
with  wiiich  it  is  at  present  allowed  to  mix.  ^     r  , 

Two  specimens  of  water  collected  from  the  roofs  of  houses  -ere 
examined^;  they  were  slightly  turbid,  with  a  black  matter  (soot). 
The  following  was  found  to  be  their  composition -.-^^^^^ 

Insoluble.  Soluble. 
No.  8,  Albion-street,  Caledonian-road,  slated  roof.    .         ^0    ^  12-0 
No  9.  Winchester-street,  Pentonville,  tiled  roof  .     •  Verj  small 
The  quantity  was  too  small  for  quantitative  analysis,  but  it  was 
ascTrtained  thai  the  soluble  matter  in  both  these  waters  was  prmcpally 
Tn^a  mo  t  wholly  composed  of  sulphate  of  lime,  havmg  no  doubt  a 
shnilar  origin  to  that  fbund  in  the  street-drainage  water  "amel  ,  t^lie 
ruTphur  ^iven  off  in  the  combustion  of  coa  .    It  would  app  a   t  at 
water  Urns  collected  in  London  is  of  half  the  impurity  and  half  the 
hardness  of  Thames  water. 

iQ-n  J.  Thomas  Way. 

\st  October,  18o0. 
*  By  Mr.  Lovick's  inquiries,  and  two  analyses  of  sewer-water  n.ade  by  myself. 
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Letter  from  Thomas  Spencer,  Esq.  (of  Liverpool)  respecting  the  Mr.  Spencer. 
Action  of  Water  upon  Lead. 

Sir,  Liverpool,  9th  May,  1850. 

Being  requested  to  draw  up  an  abstract  of  my  opinions  relative 
to  the  chemical  action  which,  ensues  between  different  qualities  of  water 
and  lead,  I  beg-  to  lay  the  following;  brief  paper  before  you. 

I  may  premise  that  the  views  I  entertain  are  derived  from  the  results 
of  numerous  experiments,  some  of  which  have  been  made  and  recorded 
by  others,  but  which  have  been  subsequently  repeated  and  verified  by 
myself. 

Another  portion,  however,  is  advanced,  as  far  as  I  am  aware,  for  the 
first  time.  I  allude  to  those  which  show  that  the  oxide  of  lead  is  dis- 
solved by  most  of  the  salts  contained  in  hard  water. 

That  perfectly  pure  water  wholly  deprived  of  air  does  not  oxidise 
lead,  is  admitted  by  all  who  have  given  attention  to  the  subject. 

This  is,  perhaps,  better  expressed  when  we  say  that  "  lead  does  not 
possess  the  power  of  decomposing  water,"  and  it  is  also  more  in  accord- 
ance with  the  views  of  science.  Water,  however,  is  never  found  abso- 
lutely pure  or  free  from  air.  On  the  contrary,  it  usually  contains 
mineral,  organic,  and  gaseous  matters  in  solution.  Sometimes  one  class 
of  bodies  predominate,  sometimes  another,  but  not  untrequently  all 
three  are  present.  Moreover,  when  in  its  purest  natural  state  as  rain, 
water  is  always  mingled  with  the  atmosphere  through  which  it  falls ; 
hence  it  not  unfrequently  contains  gaseous  matters  derived  from  smoke. 
For  the  subject  under  inquiry,  all  foreign  bodies  found  in  water  must 
strictly  speakiag,  be  looked  on  as  impurities,  as  we  know  that  they  in- 
fluence the  chemical  action  between  water,  lead,  and  air.  Although 
air  is  the  prime  oxidizing  agent,  yet  it  is  only  in  connexion  with  water 
that  it  is  so  ;  as  the  oxygen  of  perfectly  dry  air  does  not  combine  with 
lead  at  common  temperatures.  But  air  does  not  exist  naturally  in  a 
perfectly  dry  state,  but  is  always  more  or  less  combined  with  water. 
On  the  other  hand,  water  in  its  natural  state  is  never  found  without 
air.  Even  boiling  it  does  not  absolutely  deprive  it  of  all  the  air  which 
it  contains. 

In  pursuing  the  inquiry  we  have,  therefore,  to  consider  the  effect  which 
these  bodies  have  upon  lead  when  they  are  dissolved  in  water.  Both 
practice  and  experiment  show  that  air  and  moisture,  when  combined, 
are  alone  sufficient  to  oxidize  lead,  although  they  do  not  possess  the 
power  of  rendering  the  resulting  oxide  soluble  ;  this  second  action 
being  altogether  due  to  the  mineral  or  organic  substances  which  the 
water  may  happen  to  contain. 

The  first  and  only  chemical  change  then,  which  takes  place  in  pure 
^aierwhen  in  connexion  with  lead,  is  the  formation  of ahydrated  oxide 
on  the  moist  surface,  say  of  a  cistern.  This  chemical  change  is  effected 
nhroL''; ,  °^       ^"'^  '        should  the  same  take 

to  do  '"'.C^'i'^''^'''.'  exposure  it  is  more  than  equally  liable 

and  thn!"    ?  ""'l'  "P  ^"^  in  chemical  solution, 

there  ore  fi  ^^f^'t  ^'^"'"^  throughout  the  volume  of  water.  If 
the  ox  dl  !    n      r^''^  ?r  ^^'^re  not  present, 

oxide  formr  n  ""f  '^^'""^^^  Indeed,  when  the 

of  the  le.T  Jin.r  '""^"^"^y      ^«  on  the  surface 

the  lead,  either  m  that  state,  or,  if  much  exposed  to 


air,  as  a  car- 
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Mr. Spencer,  bonate.  Sliould  agitation  or  any  other  circumstance  cause  its  remoTul, 
it  lias  no  power  of  difFiising'  itself  chemically  throughout  the  water, 
since  we  find  that  it  may  be  separated  by  filtration,  so  that  the  most 
delicate  tests  are  unable  to  detect  it. 

We  thus  arrive  at  two  conclusions:  one,  that  air  and  water  jointly 
form  an  oxide  which  is  insoluble  in  soft  mater ;  the  other,  that  hard 
■water  and  air  also  form  this  oxide,  but  that  in  the  latter  it  becomes 
soluble.  We  are  therefore  fully  justified  in  stating  that  hard  water  in 
connexion  with  lead  is  more  dangerous  than  that  which  is  soft. 

"Having  thus  far  stated  the  general  case,  we  have  now  to  consider  the 
circumstances  which  arise  in  practice.  Although  the  abstract  fact  is 
generally  admitted,  ih-di  perfectly  pure  distilled  water,  totally  deprived 
of  air,  does  nut  oxidise  lead,  yet  the  question  has  been  usually  dis- 
cussed as  between  rain-water  on  the  one  hand,  and  hard  water  derived 
from  springs  on  the  other.  Those  who"have  reported  on  the  action  of 
water  on  lead,  as  far  as  I  can  learn,  have  used  rain-water  caught 
within  or  not  far  from  a  town,  for  their  experiments.  Now  rain-water 
not  only  contains  a  larger  proportion  of  air  than  water  which  is  taken 
from  a  surface-brook,  but  the  rain  of  a  town  can  never  be  said  to  be 
altogether  free  from  fine  particles  of  soot,  as  well  as  gaseous  matter 
derived  from  the  combustion  of  coal.  Even  filtration  does  not  altogether 
remove  these  matters,  as  their  particular  taste  is  still  perceptible. 

There  is  therefore  no  doubt  that,  under  these  circumstances,  slips  of 
brightened  lead  become  more  rapidly  tarnished  when  immersed  in 
such  water,  than  if  in  ordinarily  hard  or  spring  water.  In  proof  ot 
which  I  may  state,  that  where  experiments  have  been  made  with  rani- 
water,  cauo-ht  at  a  distance  from  a  town,  the  lead  remained  compara- 
tively'untarnished,  as  in  distilled  water.  On  the  other  hand,  where 
similar  experiments  have  been  made  with  hard  spring-water,  it  has 
been  inferred,  because  the  lead  has  sustained  little  diminution  of 
brightness,  that  no  oxidizing  action  had  taken  place,  and  therefore 
that  hard  water  is  less  dangerous  in  connexion  with  this  metal  than 

Bu^lhe  fact  has  been  altogether  overlooked,  that  some  of  the 
earthy  salts,  which  give  to  water  its  hardness,  have  the  power  of  dis- 
solving this  oxide  as  soon  as  formed,  and  therefore  operate  to  prevent 
an  oxide  from  depositing  itself  on  the  surface  of  the  lead ;  thus 
keenin"-  it  bri"-ht,  and  at  the  same  time  fading  to  the  conclusion, 
that  it  has  continued  unacted  upon,even  when  the  water  has  remained 
exposed  to  the  atmosphere.    Those  who  have  observed  the  destruct  e 
efilcts  of  hard  water  on  cisterns,  especially  ui  Liverpool,  where  the 
water  is  pre-eminently  hard,  but  who  have  not  ^^^died  the  n^tt.r 
chemically,  have  been  at  a  loss  to  account  for  some  of  tl  e  scientific 
oSons    o  much  at  variance  with  their  daily  observation.    In  a 
word,  the  closet-experimenter  has  usually  come  to  the  conchision  la 
soft  water  only  acts  upon  lead,  while  the  practical  observer  finds  that 
cXterns  arc  more  rapidly  corroded  by  hard  water  :  hence  has  arisen  so 
^uch  conflicting  opinion.    A  little  reflection,  however,  will  render  it 
Xious  that  the  effects  of  practice  can  scarcely  be  observed  by  the  mere 
hnme^sion  of  slips  of  brightened  lead  into  glass  vessels  containing 
eXr  hard  or  soft  water!  and  there  snflfenng  them  to  remain  lor 
a  1-ew  weeks,  perhaps  only  so  far  covered  as  to  prevent  evaporation  or 
the  accession  of  dust. 
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To  have  made  experiments  that  would  realise  the  practice,  the  whole  Mr.  Spencer, 
circumstances  of  an  intermittent  supply  ought  to  have  been  taken  into 

account.  .  .      .  j   i  j 

It  must  be  recollected  also  that,  as  cisterns  are  constructed,  lead 
is  not  the  only  metal  which  has  to  be  dealt  with;  there  being  the 
solder  which  is  used  for  the  joints.  Now  this  substance,  which  is 
an  admixture  of  lead  and  tin,  will,  when  immersed  in  water  along 
•with  lead,  act  as  a  distinct  metal,  and  give  rise  to  a  voltaic  action 
between  the  lead,  the  solder,  and  the  water.  This  will  cause  a  rapid 
■corrosion  at  the  joints,  but  it  will  be  more  or  less  active  in  proportion 
■to  the  hardness  or  chemical  impurity  of  the  water. 

Those  who  have  given  attention  to  the  principles  which  govern 
electro-chemical  action,  can  have  no  difficulty  in  understanding  this, 
and  that  were  the  water  perfectly  pure,  such  an  action  could  not 
take  place. 

We  have  next  in  the  order  of  practice  to  take  into  account  that  in- 
termittent filling  and  emptying,  which  so  frequently  expose  the  sides 
-of  a  leaden  cistern  to  the  united  action  of  air  and  moisture.  This 
also  considerably  accelerates  the  formation  of  the  oxide.  Indeed,  I 
believe  that  it  tends  to  its  production  more  than  any  of  the  circum- 
stances connected  with  a  cistern.  That  it  is  much  influenced  by 
-evaporation,  there  can  be  no  reasonable  doubt.  In  proof  of  which 
we  find,  that  where  the  water  of  a  cistern  is  kept  at  the  same  level 
by  constantly  adding  as  much  as  is  taken  away,  thin  lead  will  soon  be 
cut  through  at  the  water-line,  or,  rather,  the  line  of  evaporation.  Under 
the  same  circumstances  the  effects  produced  by  soft  water  are  com- 
paratively slight.  Were  lead  upon  roofs  to  be  as  often  sprinkled  with 
hard  water  as  it  is  with  rain,  and  taking  into  account  the  rapidity  of 
evaporation,  the  duration  of  this  metal  under  such  circumstances  would 
•be  much  more  limited  than  we  know  it  to  be. 

It  is  the  opinion  of  some  that  the  earthy  salts  which  are  contained 
in  hard  water  operate  to  prevent  this  metal  from  being  diffused  or 
oxidized.  On  any  principles  of  recorded  science,  it  is  difficult  to 
understand  how  a  salt  in  solution  can  operate  to  prevent  corrosion 
•of  a  metal,  except  where  it  may  be  said  to  neutralize  an  acid.  But 
in  this  instance  there  is  no  acid  present ;  as  carbonic  acid,  as  it  exists 
m  air,  can  scarcely  be  called  so,  as  it  does  not  act  upon  lead  until  after 
the  oxide  has  been  formed. 

That  a  neutral  salt  in  solution  can  afford  what,  for  want  of  a  better 
4,erm,  might  be  called  a  catalytic  protection  to  a  metal,  is  so  contrary 
to  ana]|)gy,  that  on  strictly  chemical  grounds  it  is  scarcely  reconcilable. 
_  But  if  sulphates  and  silicates  afford  the  protection  they  are  said  to  do. 
It  can  only  be  understood  on  the  principle  that  when  water  contains 
^  s-alt  in  solution  it  becomes,  for  lack  of  room,  less  capable  of  con- 
^-aining  another  body  than  when  purer,  and  this  in  the  direct  ratio 
•ol  Its  approach  to  saturation. 

^  In  this  sense  such  protection  becomes  strictly  mechanical,  and  is 
in  ^V^P""^^^^^  ^he"  we  say  that  water  which  contains  another  body 
solution,  necessarily  possesses  less  interslicial  space  than  when 
unoccupied. 

cnn^^iJ'''^  principle  we  can  also  conceive  how  it  is  that  rain-water 
onia.ns  more  air  than  water  which  is  preoccupied  by  mineral  salts. 
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Mr.  Spencer.  Altogether  independent  of  this,  however,  I  find  by  experiment  that 
neither  the  sulphates  nor  the  silicates  which  are  found  in  water  have 
the  power  of  dissolving  oxide  of  lead.  We  are  thus  far  positive,  there- 
fore, that  the  piesence  of  these  bodies,  as  far  as  lead  is  concerned,  is 
much  less  objectionable  than  most  of  the  other  salts  which  are  found 
in  spring  water. 

We  now  arrive  at  the  consideration  of  these  salts  of  hard  water 
which  may  be  proved  to  be  positively  objectionable,  in  connexion  with 
lead.    I  had  been  aware,  from  observation  and  experiment,  that  hard 
water  not  only  oxidized  lead  when  exposed  to  air,  but  that  it  also  dis- 
solved and  consequently  held  such  oxide  in  solution,  but  which  latter 
property  was  7iot  possessed  by  soft  water.    I  found  likewise  that  waters 
taken  from  different  wells,  and  which  indicated  the  same  degree  of 
hardness  according  to  the  scale,  yet  their  action  upon  lead  differed  very 
materially ;  the  water  of  one  well,  for  instance,  dissolving  more  oxide 
of  lead  in  a  given  time  than  that  taken  from  another  :  the  fact  being 
inferred  from  the  variable  discoloration  of  the  water  by  sulphuretted 
hydroo-en,  which  fairly  indicates  the  quantity  of  oxide  dissolved  in  a 
n-iven°time.    I  have  also  found  that  the  formation  of  the  oxide  itself 
takes  place  more  rapidly  in  some  waters  than  in  others,  where  the 
dea-rees  of  hardness  are  alike.    It  seemed,  therefore,  tolerably  clear 
that  this  disparity  must  arise  from  the  different  properties  of  the  salts 
contained  in  the  waters.    Nor  was  there  much  difficulty  m  arriving 
at  this  conclusion,  as  the  chemical  constitution  of  our  Liverpool  waters 
differ  so  considerably  from  each  other.    For  example,  we  hnd^that 
water  taken  from  two  wells,  each  of  which  shall  indicate,  say  1&«  of 
hardness,  according  to  the  scale  laid  down  by  Clarke  yet  one  of  them 
shall  contain  12  grains  of  magnesia  to  the  gallon,  while  the  other  may 
contain  only  4  or  5  ;  but,  on  the  other  hand,  the  first  water  may  contain 
only  5  or  6  grains  of  lime,  and  the  other  will  then  contain  12  or  13 
of  the  same  substance.    Now,  although  in  the  usual  acceptation  of 
the  term  these  waters  are  nearly  of  equal  hardness,  yet,  it  being  deriv^ed 
from  difference  of  chemical  constitution,  the  action  upon  lead  will  differ 

™1r^ pirhaps  not  unworthy  of  remark,  that  in  sandstone  districts  the 
spring  water  varies  considerably  in  chemical  constitution  ;  even  where 
the  wells  are  little  apart  from  each  other. 

General  observatiL  of  this  nature,  led  rne  to  J%f ^^/J 
hard  spring-water  separately,  to  ascertain  if  possible  which  ol  them 
exerted  the  most  power  in  dissolving  the  oxide  of  lead,  seeing  that 
TheJlver  water  is  exposed  in  open  leaden  vessels  this  substance  is.  always 

^Tfter  makin-  a  series  of  experiments  to  ascertain  this  important 
poitf  with^t  waters  of  various  Llls,  the  chemical  ^^^^^^^^ 
I  had  previously  ascertained  by  analysis,!  I  arrived  at  the  tollowing. 

"""F^ri\:^i,  as  a  rule,  most  of  those  salts  which  give  to  water  its- 
hardness  are  capable  of  dissolving  the  hydrated  oxide  of  lead. 

Secondly.  That  their  solvent  power  is  unequa  •  «„i„pnt 
It  woukl  follow,  therefore,  that  those  salts  which  possess  the  solvent 
power  in  the  greatest  degree  must  be  looked  on,  when  m  connexion  with 
lead,  as  the  most  dangerous. 
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After  making  a  series  of  experiments  I  find  that  water  which  derives  Mr.  Spencer, 
its  hardness  cldefly  from  supercarbonate  of  magnesia  is  more  dangerous 
than  water  which  altogether  or  in  greater  part  derives  its  hardness  from 
supercarbonate  of  lime.  I  find  then  that  the  following  salts  of  hard 
water  are  capable  of  dissolving  the  hydrated  oxide  of  lead.  They 
are  placed  in  the  order  of  their  solvent  power,  and  consist  of 

Supercarbonate  of  Magnesia. 
Supercarbonate  of  Lime. 
Chloride  of  Sodium. 
Chloride  of  Magnesium. 
Chloride  of  Calcium. 

As  it  may  be  necessary  to  verify  these  results  by  some  readily  made 
experiments  requiring  little  chemical  experience,  I  subjoin  the 
following : — 

Make  a  hydrated  oxide  of  lead,  by  dropping  its  acetate  (sugar  of 
lead)  into  a  solution  of  ammonia.  The  resulting  powder  is  the  oxide, 
and  represents  that  which  is  formed  by  atmospheric  action  in  water. 
Let  it  be  washed  until  the  water  shows  no  indications  of  lead  by  sul- 
phuretted hydrogen.  A  few  grains  of  the  oxide  thus  formed  are  to  be 
put,  while  moist,  into  a  bottle  containing  a  few  ounces  of  what  is  termed, 
fluid  magnesia  (sold  in  the  shops  as  Sir  James  Murray's  fluid  magnesia).. 
It  may  be  diluted  with  half  or  four  or  five  times  its  bulk  of  water,  its-  . 
solvent  power  being  in  the  ratio  of  its  strength.  After  agitation  for  a. 
few  minutes  let  it  be  filtered,  and  when  the  usual  tests  are  applied  to  the 
filtrate  of  magnesian  water,  it  will  be  evident  that  the  oxide  of  lead  has 
been  dissolved. 

This  fluid  magnesia  is  chemically  identical  with  the  supercarbonate 
of  magnesia  found  in  hard  water ;  the  simple  carbonate  being  in  both 
cases  held  in  solution  by  carbonic  acid.  This  experiment  shows  the 
solvent  power  of  magnesia  when  found. in  hard  water. 

Another  experiment  may  be  made  to  prove  that  the  supercarbonate- 
of  lime  also  dissolves  this  oxide.  To  do  so  it  is  only  necessary  to  repeat 
the  foregoing  one,  but  substituting  carbonate  of  lime-water  for  the  mag- 
nesian.  That  sold  in  the  shops  as  "  Carrara  Water"  (being  carbonate 
of  lime  held  in  solution  by  carbonic  acid)  precisely  represents  the 
carbonate  of  lime  which  is  found  in  hard  water. 

Upon  applying  the  test  as  before,  it  will  be  found  that  this  also- 
dissolves  the  oxide,  but  less  so  than  in  the  preceding  instance. 

The  free  carbonic  acid,  which  is  to  be  found  in  these  artificial  waters, 
does  not^  contribute  to  these  results,  for  should  it  combine  with  the 
oxide  the  resulting  carbonate  is  insoluble. 

An  experiment  may  also  be  made  with  common  salt  (chloride  of 
sodium)  dissolved  in  water,  or  with  chloride  of  calcium  or  of  magnesium, 
ana,  when  the  test  is  applied,  the  oxide  will  be  found  in  chemical 
solution  ;  but  in  these  cases  sparingly. 

nnf^ilf  7^^^^  ^  ^^''^  enumerated  are  contained  more  or  less  in  all 
£  therefore,  it  can  be  satisfactorily  proved 

to  be   ti'  ''P"''        """'^^  °^  '^^^  I  have  found  it 

to  be  f  tf/^r^™  of  storing  up  water  in  open  leaden  vessels  ought 
n  Dubt  ?    """f^V  ^'''^  Liverpool,  we  hare  hard  waters 

Puoiic  use  which  contain  as  much  as  from  20  to  40  grains  of 
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Mr.  Spencer,  these  substances  to  the  gallon,  while  many  private  wells  contain  from 
100  to  200  g:rains  in  the  same  quantity  of  water. 

I  am  fully  convinced  that  the  proportion  of  air  which  is  nsAturally 
contained  in  either  hard  or  soft  water  contributes  little  practically  to 
the  formation  of  either  the  oxide  or  carbonate  of  lead.  Where  I  have 
made  experiments  with  fresh-caunht  soft  water,  and  therefore  con- 
taining its  full  proportion  of  air,  little  or  no  action  has  been  observed 
on  sUps  of  lead  when  immersed  in  it.  It  is  important,  however,  to 
bear  in  mind,  that  this  has  only  been  so  when  I  have  taken  the  pre- 
caution to  cover  the  surface  of  the  water  with  oil,  thus  rendering 
further  access  of  air  from  the  atmosphere  impossible.  Where  I  have 
neglected  to  adopt  this  precaution,  the  oxide  formed,  be  the  water  hard 
or  soft. 

[  have  not  found  that  others  have  had  recourse  to  this  plan  of  exclud- 
ing the  air  during  their  experiments,  otherwise  I  thiidc  it  probable 
that  it  would  have  had  some  influence  in  modifying  their  results.  I  tind 
also,  upon  much  inquiry,  that,  wherever  a  constant  supply  of  water  is^ 
o-iven,  little  or  no  signs  of  corrosion  are  manifested  upon  the  mtenor  of 
the  leaden  service-pipes,  they  being  kept  always  full,  and  necessarily  free 

from  air.  n-    i  t 

It  is  well  known  that  a  highly  comminuted  powder  of  metallic  lead 
may  be  made  to  become  mechanically  diffused  by  agitation  throughout 
either  hard  or  soft  water  :  and  while  in  this  state  it  most  readily  attracts 

oxygen.  ,  .  ,     •    i  i. 

Where  I  have  a"-itated  pieces  of  lead  m  water  deprived  as  much  as 
possible  of  air,  the'bottles  being  also  perfectly  filled  with  water,  this 
powder  has  not  been  formed  so  copiously.  That  the  atmosphere  exer- 
cises a  main  influence  in  diffusing  lead,  will  be  further  evident,  when  w;e 
take  into  consideration  that  this  metal  is  to  some  extent  volatile,  i 
•being  known  to  impart  a  peculiar  odour,  which  is  abundantly  evident 

upon  its  being  handled.  ,      ^  ,  .  , 

In  conclusion,  I  may  state  generally  that  T  have  not  been  able 
to  detect  lead  in  ordinarilv  soft  water  which  had  passed  through  pipes 
which  have  been  kept  always  full,  and  consequently  free  from  atmo- 
■spheric  exposure. 

Abstract  of  the  Foregoing. 

When  lead  and  soft  water  act  upon  each  other  in  perfectly  close 
vessels  or  pipes,  it  is  due  in  all  ordinary  cases  to  that  air  which 
vvntpr  mav  be  said  to  contain  naturally.  , .  r 

WheT  his  action  takes  place,  it  never  extends  beyond  a  shght  for- 

!•       f    low  oxide  of  lead,  lohich  is  insoluble  in  sojt  loater. 
"  wire' an  oxi^  f/xte^^^^^^^^^   iormed,  it  is  due  to  the  extraneous 
absTrptLn  of  air  from  the  atmosphere,  but  which  can  only  occur  when 
the  surface  of  the  water  is  exposed,  as  it  is  m  a  "steru 

We  thus  deduce,  as  a  direct  consequence  that  leaden  pipes  ^  hen 
kept  charged  with  water,  are  little  objectionable,  inasmuch  as  tliey  a  e 
fhen  comparatively  free  from  atmospheric  action.    In  practice  it  s 

^"  AsuTs  obviously  impracticable  to  keep  cisterns  always.full,  »s  well 
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as  it  is  to  keep  tliem  free  from  the  operation  of  the  atmosphere,  it  Mr.  Spencer, 
would  therefore  lollovv  that  their  use  is  highly  objectionable  for  either 

hard  or  soft  water. 

The  following  applies  more  particularly  to  hard  loater. 

When  hard  water  is  exposed  to  the  atmosphere  in  an  open  leaden 
cistern,  the  hydrated  oxide  of  lead  and  its  carbonate  are  more  rapidly 
formed  than  in  soft  water  ;  the  evaporative  action  upon  the  moist 
sides  of  the  cistern,  much  promoting  the  formation  of  these  substances. 

In  the  vicinity  of  the  soldered  parts  of  a  cistern,  however,  the  oxide 
is  still  .more  rapidly  produced,  in  consequence  of  the  voltaic  action  which 
takes  place  where  dissimilar  metals  are  present,  the  superior  electrical 
conductive  power  oi  hard  water  promoting  theaction.  Hence  it  is  that 
cisterns  which  contain  iiard  water  corrode  so  rapidly  at  the  joints. 

When  decayed  organic  matters  accidentally  fall  into  a  cistern,  hard 
water  :dso  acts  more  injuriously  than  soft.  It  is  well  known  that  water 
holding  any  substance  in  solution  is  more  easily  decomposed  than 
purer  water.  In  such  a  case  water  is  decomposed,  and  carburelted 
hydrogen  is  given  off,  whilst  the  resulting  oxygen  enters  into  combina- 
tion with  the  lead.  Holes  are  thus  frequently  found  at  the  bottom  of 
cisterns  where  such  matters  have  rested. 

When  oxide  of  lead  is  formed  in  commonly  pure  or  soft  water,  it 
is  not  soluble^  yet  hard  water  is  capable  of  dissolving  it. 

It  becomes  thus  diffused  chemically  throughout  the  volume  of 
water.  It  may  therefore  be  said,  as  regards  lead,  that  water  is  dan- 
gerous in  the  ratio  of  its  hardness. 

All  hard  waters,  however,  are  not  equally  capable  of  dissolving  this 
oxide,  their  solvjnt  power  depending  on  the  character  of  the  salts 
which  they  contain.  For  instance,  water  which  contains  carbonate 
of  magnesia  in  solution  has  a  higher  solvent  power  than  that  which 
contains  an  equal  amount  of  carbonate  of  lime.  In  like  manner  chlo- 
ride of  sodium  (common  salt)  dissolves  this  oxide  of  lead  more  readily 
than  the  chlorides  of  magnesium  or  calcium. 

I  have  the  honour  to  be,  Sir, 

Your  very  obedient  servant, 
IIe7iry  Austin,  Esq.,  Thomas  Spencer. 

G toy dyr- House,  Whitehall. 

Liverpool,  9th  May,  1850. 


Lead  Pipes. 

"  The  subject  of  lead  pipes  has  lately  attracted  much  attention  in  Dr.  Wynne. 

Boston,  where  the  matter  was  fully  investigated  previous  to  their   

adoption,  in  distributing  the  Cochituate  water,  recently  introduced  into 
that  city.  The  result  of  the  investigations,  conducted  under  the  super- 
intendence of  Professor  Horsford,  has  recently  been  published  in  the 
-Report  of  the  Water  Commissioners,  and  sets  the  question,  in  my 
opinion,  finally  at  rest.  From  this  Report  it  appears  that  no  evidence 
oi  disease  from  lead  has  yet  been  detected  in  the  cities  of  London  and 

iinivprc'r'     .       ?^  ^'^'^  hydrant  water,  althougli  that  material  is  in 
universal  use  m  both  of  tliese  cities  as  service-pifes  " 

•m<l  TV  p  ^"""f  "f  Philadelphia,  Professor  M'Naughton  of  Albany, 
and  Dr.  Bruismade  ot  Trov,  New  York,  all  bear  testimony  io  the 
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Dr.  Wynne,  same  fact,  although  the  lead  for  service-pipes  has  long  been  used  in 
each  of  these  towns.  Professor  Hubbard  of  Darlmouth  Colleoe,  slates 
that  the  villaoe  has  been  supphed  for  26  years  with  water  conveyed 
two  miles  in  lead  pipes,  and  that  he  has  never  heard  of  a  case  of  lead 
poisoning-  from  its  use." 

"  Dr.  Dana,  in  an  Appendix  to  his  Translation  of  the  Work  of  M. 
Tanquerel,  on  lead  diseases,  recently  published,  has  furnished  a  very 
stronir  argument  against  the  use  of  lead  pipe,  which,  in  the  absence  of 
the  positive  testimony  furnished  by  the  Boston  Waler  Commissioners' 
Report,  might  go  far  towards  banishing  it  from  use.  In  his  remarks 
on  the  specimens  of  Baltimore  and  James  River  pipes  examined  iby 
him,  he  says  that  he  observed  slight  cribriform  erosion,  and  adds, 
"  But  this  is  evidence  that  so  slight  an  action  could  not  have  been 
sufficient  to  produce  erosion  in  a  few  days.  It  may  be  inferred  to  have 
gone  on  for  years."  Since  the  appearance  ot  Dr.  Dana's  work,  I  have 
examined  numerous  specimens  of  lead  pipe,  which  has  been  long  in 
use  in  Baltimore,  some  upwards  of  25  years  ;  and  although  I  have 
anxiously  sought  for  some  evidence  of  the  slight  erosion  mentioned  in 
Dr.  Dana's  work,  I  have  not,  in  any  instance,  been  able  to  detect  it. 
I  therefore  conclude  that  the  erosion  in  the  specimen  examined  by  him 
was  due  rather  to  some  original  defect  in  the  texture  of  the  metal,  than 
in  the  action  of  the  water  upon  it.  The  interior  of  the  pipe  was 
always  found  thickly  coaled  with  an  earthy  deposit,  which  adhered  with 
such  tenacity  as  to  require  considerable  force  and  nmch  washing  to 
remove  it,  and  in  my  judgment  formed  a  considerable  protection  to  the 
water  against  the  action  of  the  lead,  admitting  its  capacity  to  unite 
with  the  water  which  did  not  appear,  from  any  evidence,  furnished  by 
the  pipe  itself. 

"  I  have  met  with  several  cases  of  disease  from  lead  amongst  workmen 
engaged  in  its  manufacture  since  my  residence  here;  but  have  never 
observed  any  lead  disease  which  might  be  attributable  to  the  use  of  the 
hydrant  water.  Within  a  few  weeks,  the  pipe  of  the  hydrant  attached 
to  my  own  residence  was  removed,  and  its  place  supplied  by  a  new  one 
at  least  60  feet  in  length,  and  although  the  water  was  used  soon  after, 
I  could  not  learn  that  any  member  of  my  family  experienced  the 
slightest  injury  from  it." — From  a  Report  on  the  Sanitary  Condition 
of  Baltimore,  by  James  Wynne,  3LI>.,  published  by  the  American 
Medical  Association. 


Tliomas  Clark,  Esq.,  M.D.,  Professor  of  Chemistry  in  Marischal 
College,  University  of  Aberdeen,  examined,* 

'Professor  1.  You  are  professor  of  chemistry  at  Aberdeen? — I  am. 
Clark,  M.D.  2,  It  is  stated  that  you  have  paid  much  attention  to  the  quality  of 
water  in  the  metropolis  and  other  parts  of  the  United  Kingdom  ;  is 
that  the  case I  have  paid  attention  to  this  subject  for  many  years, 
partly  from  the  interest  to  society  that  belongs  to  the  subject  of  the 
supply  of  towns  and  manufactories  with  good  and  wholesome  water, 


*  This  evidence,  wliich  was  originally  taken  on  the  3rd  June,  1843,  by  the  Com- 
missioners of  Inquiry  into  the  State  of  Large  Towns  and  Populous  Districts,  lias  bee« 
revised  by  the  witness.    The  principal  additions  are  distinguished  by  brackets. 


On  the  Impurities  of  Water. 


151 


and  partly  also  from  the  interest  that  belongs  to  the  subject  as  a  branch  Professor 
of  knowledge,  and  a  part  of  my  duty  in  teaching  pupils  at  the  college.  ciark^.D. 
I  have  examined  very  particularly  the  qualities  of  the  vi^aters  most  in 
use  in  the  metropolis,  and  in  several  other  towns  throughout  the  United 
Kingdom,  but  not  the  waters  of  a  great  many  towns. 

3.  What  are  the  various  kinds  of  impurities  found  in  water  ? — These 
are  of  various  kinds.  There  are  the  mineral  or  saline,  the  vegetable, 
the  animal,  and  also  the  mechanical  impurities. 

4  What  kind  of  impurities  are  separated  by  filtration  ? — Only  the 
mechanical.    (See  Q.  41,  44,  45,  48,  52,  64,  65.)_    .    _     _  . 

5.  You  have  stated  that  the  water  usually  contains  saline  impurities  ; 
of  what  do  those  consist? — The  most  material  are  earthy  salts,  that  is, 
salts  of  lime,  and  salts  of  magnesia,  I  call  the  earthy  salts  the  most 
material,  because  it  is  the  presence  of  earthy  salts  that  gives  rise  to 
hardness.  There  is  also  usually  present  common  salt,  and  sometimes 
bicarbonates  of  soda  and  of  potash  ;  but  none  of  these  affect  the  hard- 
ness of  water.  The  most  important  portion  of  the  earthy  salts  may  be 
reckoned  the  bicarbonate  of  lime.  The  whole  salts  present,  whether 
earthy  or  not,  may  be  distinguished  into  two  parts,  according  as  they 
ai-e  neutral  to  test  paper,  or  alkaline  to  test  paper,  (See  Q.  18.)  the 
neutral  portion  and  the  unneutralized  portion.  The  unneutralized 
portion  consists  entirely  of  bicarbonates,  those  of  lime  and  of  mag- 
nesia, which  are  the  earthy  bicarbonates,  and  in  some  waters  those 
of  potash  and  soda,  which  are  the  alkaline  bicarbonates.  The  neutral 
portion  consists  of  the  neutral  salts  of  earths  and  alkalies,  such  as 
gypsum  and  common  salt.  Salts  of  iron  occur  also  occasionally  in 
waters  that  are  in  use.  Such  salts  impart  an  inky  taste  to  the  water, 
and  they  give  a  yellowish  tint  to  linen  that  is  washed  by  the  water 
containing  them.    They,  too,  produce  hardness. 

6.  What  are  all  the  impurities  in  water  that  give  rise  to  the  ''quality 
commonly  termed  hardness? — The  earthy  salts  and  iron  salts,  if  they 
be  present ;  certainly  earthy  salts  are  the  principal  cause.  I  have  had 
occasion  to  observe  recently  that  there  is  in  a  few  waters  a  minor 
cause,  carbonic  acid,  where  it  exists  in  excess ;  that  is,  in  a  greater 
quantity  than  is  sufficient  to  form  the  bicarbonates  present. 

7.  Does  boiling,  exposure  to  the  air,  or  filtration,  affect  the  hardness 
of  water  ? — Filtering  does  not  affect  the  hardness  of  water.  Exposure 
to  the  air  softens  waters  so  far  as  they  are  hardened  by  carbonic 
acid,  and  it  very  slightly  affects  waters  that  are  hard  on  account 
of  earthy  bicarbonates.    Boiling  affects  the  hardness  of  waters  in  some 
cases ;  it  does  not  affect  it  at  all  in  others.    Boiling  softens  very  mate- 
rially such  water  as  contains  earthy  bicarbonates,  by  decomposing 
them ;  but  so  far  as  the  earthy  salts  are  neutral,  it  does  not  affect  the 
hardness  at  all.    As  the  operation  of  boiling  is  usually  conducted, 
indeed,  according  as  the  hardness  is  owing  to  an  unneutralized  earthy 
salt  or  to  a  neutral  earthy  salt,  the  effect  of  boiling  may  be  the  reverse  ; 
that  IS  to  say,  if  you  boil  water  containing  an  unneutralized  earthy  salt, 
you  soften  it;  if  you  boil  water  containing  a  neutral  earthy  salt,  you 
harden  it,  in  case  you  concentrate  the  water  by  letting  part  of  the 
water,  pure  and  perfectly  soft,  escape  in  the  form  of  steam.  Therefore 
It  :s  a  most  material  point  in  the  treating  of  water  to  be  aware,  not 
only  0  the  amount  of  its  hardness,  but  how  far  that  hardness  is  due 
10  neutral  earthy  salts,  and  how  far  to  unneutralized  earthy  salts. 
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ciS  m  d.,  ^:  not  there  a  testing  process  of  easy  application  by  which  the 
 hardness  can  be  measured,  and  by  which  the  liardncss  afTected  by  boil- 
ing can  be  distinguished  from  that  not  so  affected  ?— There  is  a  very 
easy  and  most  accurate  process  for  trying  the  hardness  of  water,  that  I 
had  occasion  to  contrive  above  two  years  ago.  I  need  not  go  into  the 
details  of  that  before  the  Commissioners,  because  the  details  of  the 
inethod  are  printed  in  a  specification  to  a  patent  of  mine,  dated  the 
8th  of  March,  1841.  The  specification  is  printed  in  the  Repertory  of 
Patent  Inventions  for  October,  1841.*  All  I  need  state  at  present 
m  reference  to  that  method  is,  that  you  can  try  by  it  the  hardness 
of  water  in  the  course  of  less  than  an  hour.  The  method  I  take 
of  expressing  the  hardness  of  water  is  this,  16'  of  hardness  means 
the  hardness  that  would  be  caused  by  the  presence  of  16  grains  of 
chalk  per  gallon;  10'  of  hardness,  the  hardness  that  would  be  caused 
by  the  presence jof  10  grains  of  chalk  per  gallon.  In  the  application 
of  this  process,  it  is  of  no  consequence  in  what  state  of  combination 
the  earthy  salts  be.  Whether  the  lime  or  other  earth  present  be  in 
the  state  of  bicarbonate,  or  in  the  state  of  a  neutral  salt,  or  in  both 
states,  the  test  would  indicate  precisely  the  same  degree  of  hardness 
in  any  two  waters,  if  the  quantity  of  earth,  or  of  basis  of  the  earth  in 
each,  were  present  in  the  same  proportion.  There  is  also  a  test  given 
in  the  process  alluded  to  for  distinguishing  so  much  of  the  earthy  salts 
present  as  are  neutral,  from  so  much  of  them  as  are  unneutralized,  that 
is  alkaline,  or  in  the  state  of  bicarbonates.    (See  Q.  25.) 

9.  It  is  generally  admitted  that  hard  water  (See  Q.  12,  31.)  is  unfit 
for  the  purposes  of  washing  and  of  cooking? — With  regard  to  ("ookino-, 
perhaps  the  most  important  material  is  tea.  I  have  been  very  desirous 
of  making  a  series  of  experiments  on  waters  of  known  degrees  of  hard- 
ness upon  a  given  average  of  tea,  with  the  assistance  of  some  gentleman 
experienced  in  the  tasting  of  teas  for  commercial  purposes.  My  health 
has  heretofore  prevented  me  from  making  any  more  than  merely  preli- 
minary experiments.  From  these  it  appeared  that  hard  water  was  very 
unfit  for  the  purpose  of  infusing  tea.  In  making  use  of  a  series  of 
■waters  at4\  8  ',  12',  16' of  hardness,  the  strength  of  the  infusion,  as  mani- 
fested by  the  depth  of  colour  produced,  was  evidently  in  a  series,  such 
that  each  infusion  could  be  sensibly  distinguished  from  the  one  next  to 
it,  above  or  below,  the  hardest  water  giving  the  least  depth  of  colour,  and 
the  softest  water  the  greatest.  At  4'  of  hardness  the  infusion  was 
transparent  with  no  sensible  muddiness  ;  at  6'  the  transparency  of  the 
infusion  began  to  be  injured ;  at  12^  there  was  a  distinct  muddiness; 
at  16'  this  muddiness  had  become  very  decided,  and  above  16'  it  was 
disgusting.  No  such  muddiness  appeared  with  any  of  the  waters  after 
pouring  off  the  first  infusion  and  making  a  second.  With  regard  again 
to  depth  of  colour,  it  is  very  worthy  of  remark  that,  whereas  the 
greatest  depth  was  observed  in  the  first  infusion  in  the  softest  water, 
and  the  least  depth  in  the  hardest,  now,  in  the  second  infusion  the  same 
thing  was  observed  again,  with  this  difference,  that  in  the  harder  waters 
the  depth  of  colour  was  proportionally  still  less;  not  only  absolutely 
less,  as  might  be  expected,  but  relatively  less.  In  making  these  experi- 
ments, about  half  an  ounce  of  tea  was  made  use  of  with  a  pint  of  boil- 


*  Republished  by  J.  J.  Griffin  and  Co.,  Baker-street,  who  also  iirepare  the  appa- 
ratus aud  tests  necessary. 
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ing  water,  so  that  you  will  understand  the  result,  if  you  suppose  in  each  Pmfcssor 
of  two  similar  teapots  half  an  ounce  of  tea  be  put,  and  over  each  a  pint 
of  boiling  water,  but  in  the  one  case  at  4  '  hardness,  and  in  the  other 
case  at  16%  the  infusion  at  4^  will  turn  out  much  stronger  than  the  infu- 
sion at  16';  the  infusion  at  4°  will  be  transparent;  the  infusion  at  16'^ 
will  be  offensively  muddy.  But  supposing  you  pour  off  the  first 
infusion  and  make  a  second  infusion,  then  the  second  infusion  at  4^ 
will  be  a  little  weaker  in  colour  than  the  first  infusion  at  4',  while  the 
second  infusion  at  16^  will  be  of  a  still  proportionally  weaker  colour 
than  the  first  infusion  at  16^  In  short,  hard  water  is  bad  for  a  first 
infusion,  still  worse  for  a  second.  The  only  way  of  making  an  infu- 
sion of  tea  with  waters  at  8  ',  12',  or  16',  equally  strong  with  an  in  fusion 
by  water  at  4',  is  to  increase  in  each  case  materially  the  quantity  of  tea 
infused.  Sub-carbonate  of  soda  in  crystals  may  be  made  use  of  in  very 
small  quantities  in  order  to  soften  the  water  and  make  it  fitter  for  the 
purpose  of  infusing  tea;  it  produces  this  effect  by  decomposing  the 
earthy  salts  present ;  but  if  made  use  of  in  any  proportion  above  what 
will  exactly  decompose  the  earthy  salts  present,  the  excess  may  indeed 
deepen  the  colour  of  the  infusion — by  dissolving  some  coloured  vege- 
table extract,  such  as  pure  water,  would  not  dissolve,  but  it  will  in- 
fallibly injure  the  fine  flavour  of  the  tea  to  all  persons  not  accustomed 
to  the  taste  of  soda  in  their  tea. 

10.  Is  there  any  other  respect  in  which  the  hardness  of  water  is 
injurious  to  the  inhabitants  of  towns? — The  fur  (which  is  an  incrusta- 
tion chiefly  of  chalk)  that  forms  when  waters  that  are  rendered  hard  by 
the  presence  of  an  earthy  bicarbonate  are  boiled,  is  at  least  exceedingly 
inconvenient.  In  all  the  manufactories  in  large  towns,  so  far  as  you 
have  got  such  a  water,  the  bottoms  of  your  steam-engine  boilers  become 
incrusted  very  soon.  This  requires  the  steam-engine  boilers  to  be 
cleaned  out  much  oftener ;  and  I  think  that  the  fur  formed  by  such 
a  water  is  the  most  frequent  cause  of  explosion  in  steam-boilers,  and 
most  materially  increases  that  risk ;  at  the  same  time  that  it  causes 
the  wear  and  tear  of  them  to  be  much  greater.  Fur  likewise  very 
much  increases  the  risk  of  explosion  in  locomotive  engines.  I  think 
also  that  fur  must  be  very  inconvenient,  whenever  you  attempt  to  heat 
by  water-pipes, ; because,  immediately  on  employing  such  water  the 
pipes  get  coated  internally  with  earthy  matter,  in  some  cases  to  a  very 
material  thickness,  so  as  to  fill  up  the  metallic  pipe  with  an  earthy 
incrustation,  and  prevent  the  heat  from  passing  through.  I  have 
known  pipes  connected  with  boilers,  in  a  large  brewery  in  London, 
filled  up  throughout  the  whole  length  by  a  solid  incrustation  in  six 
months. 

11.  What  conditions  in  water  do  you  think  fit  it  best  for  being  an 
agreeable  beverage?— In  the  first  place,  the  particular  kind  of  water 
xnat  IS  agreeable  is  dependent  very  much  upon  the  habits  of  the  drinker. 
J-i  you  are  accustomed,  exclusively,  for  a  certain  time,  to  a  hard  water, 
for  .""f?"- ^  ^^^'"g  ^^ard  water  ;  if  to  a  soft,  you  acquire  a  liking 
effect  fK^u-^'^  ^^^^  ^^^"^""^  beverages.  Putting  the 
mn.t  \  •  J  question,  one  circumstance,  which  I  think  is 
in  w.^  1  '  "^f*^^'  agreeable,  is  the  temperature,  especially 
sunno.^lTr.  '  *°  ^'-i^k  ™ost  prized.  It  has  been 
supposed  that  water,  such  as  is  used  in  this  town,  being  exposed  in  a 
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lari°'^^M°D  ^^"^  ^  portion  of  carbonic  acid.  Everybody 

■  ■  knows  tbat  water  wbich  bas  been  in  a  sitting-room  is  not  so  agreeable 
as  when  first  drawn;  but  I  am  quite  satisfied  that  whatever  be  the 
cause  of  its  becoming  less  agreeable,  it  is  not  in  general  the  loss  of 
carbonic  acid ;  for  I  am  quite  certain  that  there  is  not  in  any  of  the 
river  waters  about  London  an  excess  of  carbonic  acid  over  and  above 
what  is  necessary  to  form  the  bicarbonates  present.    I  think  the  main 
point  affecting  the  agreeableness  of  water,  as  far  as  I  have  seen  in  exa- 
mining water  accounted  agreeable  in  this  town,  is  the  temperature.  In 
summer  time  you  have  the  spring  waters,  when  fresh  drawn,  cool.  You 
can  have  other  waters  rendered  more  agreeable  than  they  are  in  summer 
time,  if  you  take  the  pains  of  cooling  them  to  the  same  degree  as  the 
spring  water.    You  must  not  have  the  water  too  cool  either,  otherwise 
it  is  unpleasant,  as  well  as  unsafe  to  drink,  but  an  average  temperature 
of  the  climate,  which  is  about  50^  Fahrenheit,  is  a  very  agreeable 
temperature  for  water.    So  far  as  the  presence  of  carbonic  acid  will 
add  to  the  agreeableness  of  water,  and  it  does  so  to  many  tastes,  tbat  | 
quality  can  be  imparted  to  any  water  by  the  simple  expedient  of  adding 
a  very  small  proportion  of  soda  water.    No  doubt  there  are  circum- 
stances that  make  water  offensive,  particularly  the  presence  of  vege- 
table matter  in  a  state  of  change,  whether  that  matter  be  undergoing 
putrefaction,  or  a  vegetating  process  of  any  kind.    In  any  such  case  I  i 
reckon  the  water  polluted,  and  the  taste  is  entirely  tainted  and  offensive,  , 
especially  to  persons  not  accustomed  to  drink  such  water.    But  if  I 
water  be  free  from  taint,  be  of  a  sufficiently  low  temperature,  and  be  j 
not  absolutely  deprived  of  wholesome  gaseous  matter,  I  think  it  has  i 
most  of  the  qualities  proper  to  render  it  agreeable,  allowing  for  the  i 
variations  in  taste  that  are  acquired.    If  all  these  conditions  contri-  i 
buting  to  the  agreeableness  of  water  exist,  then  I  think  that  such  i 
persons  as  have  been  accustomed  to  drink  various  kinds  of  water  will  ! 
be  found  to  prefer  a  water  containing  little  saline  matter  to  another  ' 
containing  much  ;  if  a  contrary  impression  has  been  usually  entertained,  | 
it  is  owing  to  some  of  the  other  circumstances  affecting  agreeableness  i 
having  been  overlooked.    At  the  present  time,  in  order  to  obtain  good  ! 
water  for  drinking  in  London,  1  would  recommend  the  use  of  water  ' 
that  has  been  boiled,  cooled,  treated  with  carbonic  acid  by  the  addition 
of  a  little  soda  water,  and  then  iced  to  a  temperature  rather  under 
50°  Fahrenheit ;  but  all  this  pains  to  obtain  good  water  cannot  be  taken 
by  the  poor,  or  even  by  the  generality  of  families  in  the  middle  classes. 
I  think  that  if  the  means  were  taken  by  the  existing  water  companies, 
water  only  requiring  to  be  a  little  cooled  in  the  heat  of  summer  to  be 
fit  for  drinking  by  all  classes,  might  be  supplied,  and  should. 

12.  What  general  circumstances  would  regulate  you  in  the  choice 
of  a  water  for  the  supply  of  a  town  ? — There  is  a  great  variety  of  cir- 
■cumstances  to  be  taken  into  account  in  selecting  a  water  for  the  use 
of  a  town.  Supposing  we  had  the  choice  of  several  waters,  there  is  i 
no  single  quality  of  a  water  to  which  I  would  attach  more  importance  ! 
than  softness,  because,  altbough  a  soft  water  may  not  happen  in  other 
respects  to  be  agreeable  for  drinking,  yet  it  very  often  happens  that 
water  agreeable  enough  for  drinking  is  supplied  by  wells  in  the  town. 
The  proportion  of  the  whole  supply  of  water  used  by  the  inhabitants 
for  drinking  is  exceedingly  small;  for  tliis  reason,  the  mere  agreeable- 
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ness  of  the  water  as  a  drink,  I  would  not  reckon  a  high  point.  With 
regard  to  the  softness  of  water,  this  quality  is  of  importance,  not  merely  "^.L-  ' 
for  the  saving  of  soap  to  households,  for  the  agreeableness  of  washing 
at  the  toilet,  for  the  agreeableness  and  utility  of  bathing,  which  I 
account  a  most  important  practice  for  promoting  the  health  of  the 
inhabitants  of  a  town,  but  also  in  respect  of  the  wear  and  tear  of  linen 
due  to  hard  water.  Such  wear  and  tear  comes  to  be  a  very  large  item 
of  expense  to  the  inhabitants  of  a  town.  The  inhabitants  of  London 
are  probably  not  aware  so  much  as  visitors  from  the  country  are,  of 
the  amount  of  destruction  to  clothes  in  consequence  of  the  hardness  of 
the  water,  and  the  use  of  soda  in  order  to  get  rid  of  the  hardness.  I 
remember  an  occasion,  which  I  may  mention,  where  the  amount  of 
wear  and  tear  was  brought  out  in  a  very  conspicuous  manner.  Two 
young  men,  brothers,  in  Glasgow,  were  put  into  counting-houses,  one 
in  London  and  the  other  in  Glasgow.  They  had  each  a  similar  assort- 
ment of  shirts  given  to  them.  Some  time  after,  when  the  brother  in 
London  came  back  on  a  visit  to  Glasgow,  the  lady  of  the  house  pointed 
out,  to  the  wonder  of  her  female  friends,  the  difference  there  was  in 
the  wear  of  the  shirts  of  the  two  brothers,  that  had  been  given  at  the 
same  time;  those  that  had  undergone  the  London  washing  were  so 
much  more  worn  than  the  others  which  had  been  washed  at  Glasgow. 
Yet  I  can  state  from  experience  that  linen  gets  soiled  from  the 
atmosphere  rather  more  readily  in  Glasgow  than  in  London. 

13.  What  was  the  difference  in  the  hardness  of  the  water  ? — The 
hardness  of  the  Glasgow  water  was  about  4^  and  that  of  the  London 
about  12'. 

14.  It  is  to  be  assumed  that  a  great  saving  would  accrue  to  a  town 
by  using  soft  water,  in  the  article  of  soap,  for  instance? — Not  only  in 
the  article  of  soap,  but  probably  much  more  in  the  saving  of  the  wear 
and  tear  of  clothes.  The  hard  water  has  a  tendency  to  discourage 
washing  of  clothes  among  the  poorer  classes,  and  to  bring  on  them 
greater  expense  in  clothes.  This  consideration  bears  very  closely  on 
the  clothing  of  women  and  children ;  and  I  rather  think,  that  if  manu- 
facturers of  the  articles  of  clothing  worn  by  women  and  children,  in  a 
district  supplied  with  hard  water — this  very  London,  for  example — 
were  consulted,  it  would  appear  that  they  are  obliged  to  supply  articles 
of  such  dark  dyes  as  will  not  let  the  dirtiness  be  seen.  Now  to  sub- 
stitute the  art  of  concealing  dirt  for  a  habit  of  cleanliness,  not  only  is 
unfavourable  to  health  and  comfort,  but  is  unfriendly  to  a  decent  self- 
respect  ;  yet  an  observant  eye  cast  on  the  women  and  children  of  the 
poorer  inhabitants  of  London,  may  discover  that  such  has  been  the 
result  here.* 

15.  What  degree  of  hardness  do  you  think  M'ould  render  water  xmfit 
for  the  use  of  a  town?— That  is  a  question  that  cannot  be  answered  defi- 
nitely. Of  the  waters  used  in  towns,  I  am  not  acquainted  with  a  great 
number.  ^The  pipe  water  that  I  am  accustomed  to  use  at  home  stands 
at  only  r  of  hardness ;  meaning  thereby,  as  was  mentioned  before, 


HvcIp  p  V^u '"^^^  *°      beautiful  St.  James's  Park,  went  fhrough  the  Green  Park  to 

weather  .wi   I  "  "'^"Kensington  Gardens,  and  back  to  Hyde  Park,  favoured  by  the 

W  d,t "^''"'^^^^  ******  All  , he  women  of  the 

mSable  f?rL"%'''^'irP^^  d'^rk  colours,  but  few  re- 

marlcable  for  beauty  ."—See  Raumer's  "England  in  1835,"  vol.  i.,  p.  212. 
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■hi-f  Td  ^^^^  ^'  ^^'^^^  hardness  as  the  presence  of  one  grain  of  chalk 

"  -1-  ■  "per  gallon  would  produce.  The  pipe  waters  of  London  range  between 
11  and  IG  ,  according  to  my  experience;  I  mean  the  walers  of  the 
companies.  The  pipe  water  of  Manchester  is  12'  of  hardness;  the 
water  of  Glasgow  is  4^'  of  hardness;  of  Edinburgh  about  5';  the 
Newcastle-upou-Tyne  Company's  water  is  nearly  the  same,  according 
to  a  single  trial,  taken  however  after  much  rain.  With  regard  to  the 
general  question,  what  degree  of  hardness  should  unfit  a  water  for  being 
used,  that  is  manifestly  a  question  that  cannot  be  answered  absolutely. 
The  softest  water  that  can  be  got  in  sufficient  quantity  in  the  district,  I 
hold  to  be  in  general  the  one  that  ought  to  be  preferred,  other  circum- 
stances being  favourabls.  I  think,  from  observing  (and  I  have  given 
a  good  deal  of  attention  to  such  observations  on  the  action  of  water) 
that  a  water  ceases  to  be  agreeable  for  washing  when  it  is  above  4^  or 
5^  of  hardness  ;  I  have  already  mentioned  that  a  harder  water  than  this 
is  very  objectionable  for  the  making  of  tea.  (See  Q.  9.)  "Water,  when 
it  is  above  16  ,  I  would  say  becomes  excessively  inconvenient  for  v/ash- 
ing.  There  are  some  hard  waters  more  objectionable  than  others,  even 
of  the  same  degree  of  hardness,  on  account  of  the  curdy  or  clotty  cha- 
racter of  the  earthy  soap  produced  in  them.  This  clotty  character  ren- 
ders such  waters  particularly  unfit  for  the  washing  of  clothes.  Kow,  I 
find  this  character  of  hard  water  to  be  due  to  the  presence  of  a  little  mag- 
nesian  salts.  And  it  is  a  very  curious  fact,  that  if  the  hardness  of  the 
water  be  above  10^  or  12',  owing  to  lime  salts,  a  few  degrees  of 
hardening  matter  in  the  form  of  magnesian  salts  may  be  added  to  the 
water,  without  its  hardness  being  increased ;  but  then  the  curdling 
power  of  the  water  is  very  much  increased.  There  are,  however, 
■waters  much  harder  than  16^  in  use,  and  those,  undoubtedly,  must 
be  accounted  fit  waters  for  use,  provided  they  are  the  softest  that  can 
te  got  in  the  district. 

16.  To  what  district  do  you  refer,  where  there  are  very  hard  waters  ? 
— Paris  might  be  mentioned  as  one  instance.  Many  towns  in  England 
also  are  unfortunately  supplied  with  harder  water  than  16". 

17.  The  pipes  or  leaden  cisterns  are  sometimes  corroded  by  v/ater, 
what  is  the  particular  impurity  which  occasions  that  corrosion  ? — I  think 
both  leaden  cisterns  and  pipes,  and  iron  pipes,  are  corroded  occasionally 
by  water.  This  is  a  most  important  topic,  because  it  has  happened  in 
some  places  that  a  water  has  been  selected  for  the  supply  of  the  inha- 
bitants, and  an  expense  of  erecting  water-works  gone  into,  and  corrosion 
quite  unexpectedly  has  been  the  result.  A  variety  of  investigations 
have  been  made  as  to  the  cause  of  this  important  objection  to  some 
waters.  In  considering  published  investigations  and  some  observations 
that  I  have  made  upon  the  subject,  I  should  be  disposed  to  say,  that 
chemists  are  not  prepared  at  present  to  speak  with  much  confidence  as 
to  the  cause.  My  present  impression,  and  indeed  the  prevailing  im- 
pression, is,  that  the  corrosion  is  due  to  free  carbonic  acid.  It  is  well 
known  that  distilled  water  acts  very  readily  upon  lead.  The  cause  of 
this  action  I  apprehend  to  be  the  remarkable  power  that  distilled  water, 
compared  with  ordinary  water,  has  of  dissolving  free  carbonic  acid. 

18.  By  free  carbonic  acid  you  mean  carbonic  acid  above  what  is 
necessary  to  form  bicarbonate  with  the  other  salts?— Yes;  1  would  add, 
however,  that  I  believe  that  carbonic  acid  in  excess  will  be  found  most 
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frequently  where  there  is  either  no  bicarbonate,  or  next  to  no  bicar-  Professor 
bonate  present.  If  I  obtain  a  water  for  examination,  the  first  point  I  ciark^i.D. 
look  to  is,  whether  this  water  has  an  alkaline  action ;  that  is,  whether 
it  contains  any  bicarbonate.  This  is  done  by  litmus  test-paper.  If 
the  test-paper  is  not  rendered  of  a  blue  tint  by  the  water,  so  as  to  show 
an  alkaline  salt  present,  the  chance  is,  that  the  test-paper  will  show,  and 
very  explicitly,  the  presence  of  carbonic  acid,  by  the  redness  produced 
upon  it.  There  is  one  water  of  this  description  supplied  to  the  hospital 
at  Bagshot,  where,  according  to  my  information,  for  I  have  not  in- 
spected the  case,  a  mile  of  iron  pipes  were  corroded  in  a  remarkably 
short  time.  This  water  as  it  came  from  the  spring  had  a  considerable 
excess  of  carbonic  acid,  and  stood  about  6"  hardness  ;  when  freed  from 
this  excess  it  stood  rather  under  3^  The  principal  peculiarity  I  have 
as  yet  been  able  to  observe  in  the  water  is,  the  almost  entire  absence 
of  bicarbonate,  and  I  have  also  observed  the  presence  of  free  carbonic 
acid  to  be  very  frequent  in  waters  that  contain  very  little,  if  any,  bicar- 
bonate. In  general,  an  alkaline  water  will  not  act  upon  lead  or  upon 
iron.  But  perhaps  I  should  not  say  in  general,  for  I  have  not  examined 
a  sufficient  number  of  cases  to  lay  down  a  general  rule;  but  there  is 
ground  for  suspecting  that  such  an  action  will  ensue,  if  you  find  in  the 
water  a  very  moderate  degree  of  hardness  and  no  alkalinity,  togethei- 
with  an  excess  of  carbonic  acid.  In  making  these  statements  I  would 
still  repeat  that  I  do  not  consider  myself  entitled  to  speak  with  great 
confidence  as  to  the  cause  of  the  corrosion  of  pipes  in  every  case.  ("See 
Q.  71,72.) 

[At  the  tim^e  of  answering  the  foregoing  questions  respecting  the 
action  of  vv'ater  upon  lead  pipes,  I  had  not  had  the  opportunity  of  ex- 
amining any  water  that  had  been  contaminated  by  lead  pipes;  but  in  a 
few  days  after,  an  opportunity  occurred.  Some  of  the  Bagshot  water 
alluded  to  had  poisoned  some  of  the  Queen's  hounds,  and  brought  on 
colica  pictonum  on  one  of  the  huntsmen.  Through  the  kindness  of 
Sir  James  Clark,  I  obtained  a  specimen  of  this  water,  and  in  a  few- 
days  came  to  the  unexpected  result  that  filtration  would  separate  the 
lead.  ^  Thus  a  very  simple  practical  means  for  separating  lead,  where- 
ever  it  contaminates  water,  was  discovered.  On  the  5th  August,  the 
same  year  (1843),  being  about  to  leave  London,  I  left  a  memorandum 
with  Sir  James  Clark,  that  I  was  ready  to  provide  against  the  ill  effects 
of  the  lead,_  if  applied  to  by  any  authority  connected  with  the  palaces. 
JNo  application  was  made  to  me.  But  the  process  came  into  nractical 
use  m  spring  1844.  At  a  marine  villa  of  Lord  Aberdeen's,'some  of 
the  servants  suffered  in  health  from  lead  in  water  derived  from  pipes 
feand  filters  were  put  up  under  my  direction  at  this  villa,  and  subse- 
quently at  Haddo  House.  On  making  inquiry  recently,  at  his  Lord- 
snip  s  agent,  m  Aberdeen,  I  learn  that  the  filters  have  been  in  use  ever 
since,  and  that  the  waters  have  been  tested  from  time  to  time,  without 
any  lead  having  been  discovered  in  them.  I  have  been  told  indeed, 
tnat  so  satisfied  has  Lord  Aberdeen  been  with  the  result,  that  on  hear! 

wi?h  leacHr.  t?"""'  f  ^'"^^^^      Claremont,  being  troubled  . 

tried  U  water,  he  wrote  recommending  the  same  process  being 

process  T  ^f"f  ^  ^^^^  previously  heard  that  the 

into  suci  f  "P'f^  I  ^^"P«  I  "^^y  t«  e^^^sed  for  entering 

into  such  details,  for  tbe  indication  they  afford  of  the  practical  value 
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Pioiessor   of  the  pi'ocess  which  has  been  adopted  in  the  public  service,  without 
(vi.tik,  M.D.       merit  of  the  inventor  having  been  publicly  recognised  or  acknow- 
ledged. 

1  hold  it  in  all  cases  to  be  dangerous  to  allow  water  to  pass  through 
any  considerable  length  of  lead  pipes,  or  to  allow  water  to  remain  for 
a  long  time  even  in  short  pipes.  In  the  case  of  the  marine  villa  before 
alluded  to,  the  water  came  a  considerable  distance  through  lead  pipes ; 
I  suppose  above  a  quarter  of  a  mile.  The  water  in  Aberdeen  is 
brought  from  the  iron  mains  in  the  streets,  into  the  houses  by  means  of 
lead  pipes ;  and  in  general  without  any  disadvantage,  because  the 
supply  from  the  pipes  is  constant,  and  the  use  of  the  stop- cock  very 
frequent  in  a  family  ;  but  in  my  class-rooms  and  laboratory  I  find  that 
whenever  a  pipe  has  been  out  of  use  for  a  few  days,  the  water  taken 
from  it  affords  a  trace  of  lead,  which  disappears  when  the  water  has 
been  allowed  to  run  briskly  from  the  stopcock  for  a  few  minutes.] 

19.  Under  what  circumstances  does  chalk,  or  carbonate  of  lime, 
dissolve  in  water  ? — The  solvent  of  chalk  in  water,  as  it  commonly 
occurs,  is.  carbonic  acid ;  and  the  chalk  is  present  as  bicarbonate  of 
lime ;  and  in  the  rivers  that  supply  water  to  London,  I  have  not  yet 
found  more  carbonic  acid  than  is  required  to  form  such  a  bicarbonate. 
Indeed,  there  is  a  circumstance  that  shows  manifestly  that  a  received 
idea  that  river  water  contains  free  or  uncombined  carbonic  acid,  is  not 
correct.  You  cannot  keep  exposed  to  the  air  a  water,  such  as  that  of 
the  Thames,  for  a  few  days,  but  a  small  deposit  of  chalk  will  occur. 
The  first  occurrence  of  that  deposit  is  a  proof  that  there  cannot  be 
present  any  excess  of  carbonic  acid.  Besides  this,  I  have  repeatedly 
ascertained  by  conclusive  experiments  carefully  performed,  that  the 
river  waters  about  London  do  not  contain  any  sensible  excess  of  car- 
bonic acid. 

20.  Can  you  state  the  quantity  of  carbonate  of  lime,  or  the  degrees 
of  hardness  of  various  known  waters,  and  the  degree  to  which  they  may 
be  softened  by  the  application  of  artificial  means  ? — I  shall  lay  before 
the  Commissioners  some  statements  relative  to  the  waters  of  the  me- 
tropolis. Take  the  New  River.  In  the  middle  of  May,  1841,  I  found 
in  the  New  River  13t-V°  of  hardness  per  gallon. 

21.  From  what  part  had  you  the  water  of  the  New  River  taken  when 
you  made  the  experiment  ?— This  particular  specimen  was  taken  out  of 
the  New  River  itself;  it  was  several  gallons,  probably  from  20  to  30, 
sent  to  me  to  Aberdeen  for  the  purpose  of  subjecting  it  to  experiments. 
The  next  is  the  result  of  a  great  variety  of  trials  I  made  from  day  to 
day  of  the  New  River  water,  collected  by  me  while  in  town,  fro™  the 
pipes,  taking  them  from  various  places,  and  finding  no  material  ditte- 
rence.  At  the  beginning  of  August,  the  same  year,  I  found  the  hard- 
ness 12°.  „,  . 

22.  Those  were  all  New  River  waters  ?— Yes.  The  Thames  m  the 
middle  of  May,  1841,  I  found  of  hardness;  this  was  a  large 
specimen  taken  opposite  Mortlake.  . 

23  Do  you  know  what  was  the  state  of  the  tide  at  the  time  it  was 
taken'— I  cannot  answer  particularly,  but  I  remember  the  collection 
was  committed  to  a  very  careful  gentleman,  with  all  the  precautions 
that  I  thought  at  the  time  necessary  ;  I  do  not  remember  what  they 
were  at  this  moment.    I  believe  I  bade  him  take  the  specimen  irarae- 
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diately  after  the  turn  of  the  tide.  The  river  at  Mortlake  is  above  the  Professor 
influence  of  the  London  sewerage.  In  the  beginning  of  August,  from  Ciark^.D. 
a  very  great  variety  of  trials  that  I  made  from  the  waters  collected 
from  various  pipes  in  town,  I  found  the  hardness  of  the  Thames  water 
1]^-.  The  East  London  Company's  water  was  IG^V^  the  middle  of 
May,  1841.  This  was  a  large  specimen,  which  the  engineer,  Mr. 
Wicksteed,  was  good  enough  to  forward  to  me  to  Aberdeen,  at  my 
request.  Th^  same  company's  water,  taken  from  the  pipes  at  the 
beginning  of  August,  was  14xV°  average,  in  a  variety  of  trials. 

24.  The  degrees  of  hardness  will  vary  at  different  times,  one  or 
jjiore? — The  variation  here,  I  take  not  to  be  due  to  the  method  of 
testing  the  specimens,  but  to  the  state  of  the  weather,  and  also  to 
lengthened  exposure,  which  probably  softens  water  two  or  three 
degrees. 

25.  Have  you  notes  of  the  hardness  of  any  of  the  waters  on  the 
Surrey  side? — On  the  11th  of  August,  1841,  the  Vauxhall  Company's 
water  was  13xV°- 

26.  How  do  you  distinguish  what  is  due  to  neutral  earthy  salts,  and 
what  to  alkaline  earthy  salts  ? — By  the  soap  test  referred  to  (See  Q.  8.), 
the  total  hardness  can  be  ascertained,  that  is,  the  hardness  due  both  to 
neutral  and  to  alkaline  earthy  salts.  Next  by  the  test  acid,  which 
is  described  in  the  specification  referred  to,  we  can  distinguish  the 
portion  of  the  hardness  that  is  due  to  alkaline  earthy  salts  ;  for  instance. 
East  London  water,  collected  on  the  14th  of  May,  1841,  is  of  hardness 
16tV°;  it  is  of  alkalinity  15^^^°;  that  is,  it  requires  as  much  acid  ta 
neutralise  its  alkalinity  as  iSj-V  grains  of  chalk  per  gallon  would  re- 
quire;  the  difference,  is  thef  utmost  quantity  that  can  be  due  to 
neutral  earthy  salts.  The  Thames  water  and  the  New  River  water  may 
in  general  be  reckoned  12^  of  hardness  ;  the  alkalinity  in  the  London 
pipe  waters  almost  always  comes  within  1"  of  the  hardness,  whereas 
the  Manchester  pipe  water  stands  1 2=  of  hardness,  while  its  alkalinity, 
according  to  my  recollection,  is  only  T.  Hence,  in  the  Thames  or 
the  New  River  water,  no  more  than  11°  can  be  regarded  as  the  hard- 
ness due  to  alkaline  earthy  salts,  and  no  more  than  7°  as  the  hardness 
due  to  alkaline  earthy  salts  in  the  Manchester  water.  On  boiling  the 
Thames  water,  therefore,  you  soften  only  by  acting  on  11°  of  hardness, 
and  on  boiling  the  Manchester  water  yon  soften  only  by  acting  on  7° 
of  hardness. 

27.  It  is  understood  that  you  took  out  a  patent  for  purifying  wateT, 
by  removing  the  carbonic  acid  which  holds  the  earthy  carbonates  in 
solution ;  will  you  describe  the  general  nature  of  your  invention  ?— I 
beg  the  permission  of  the  Commissioners  to  read  the  following  extract 
contammg  an  outline  of  the  process :— "  To  understand  the  nature  of 
ine  process,  it  will  be  necessary  to  advert,  in  a  general  way,  to  a  few 

o3i  ^^"'^''^^  P^'^P^^^^^^  °f        familiar  substance,  chalk:  for 

cnaik  at  once  forms  the  bulk  of  the  chemical  impurity  that  the  process 

offl  J-^^'"'?^  material  whence  the  ingredient  for 

aWr.^  separation  will  be  obtained.  In  water,  chalk  is  almost  or 
moTelT  it  may  be  rendered  soluble  by  either  of  two 

Cs  ioLu^         °PP°f^''  as      a  kiln,  chalk 

T)Ound  of^?«  P'''"^'.  ''"^J'  will  remain  out  of  a 

pound  of  lb  ounces.    These  nine  ounces  will  be  soluble  in  water,  but 
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if' M  D  require  not  less  than  40  gallons  of  water  for  entire  solution. 

•  •  Burnt  chalk  is  called  quick  lime,  and  water  holding  quick-lime  in 
solution  is  called  lime-water.  The  solution  thus  named  is  perfectly 
clear  and  colourless.  The  seven  ounces  lost  by  a  pound  of  chalk  on 
being  burned  consist  of  carbonic  acid  gas  ;  that  gas  which,  being  dis- 
solved under  compression  by  water,  forms  what  is  called  soda-water. 
The  other  mode  of  rendering  chalk  soluble  in  water  is  nearly  the 
reverse.  In  the  former  mode,  a  pound  of  pure  chalk  becomes  dissolved 
in  water  in  consequence  of  losing  seven  ounces  of  carbonic  acid.  To 
dissolve  in  the  second  mode,  not  only  must  the  pound  of  chalk  not  lose 
the  seven  ounces  of  carbonic  acid  that  it  contains,  but  it  must  combine 
with  seven  additional  ounces  of  that  acid.  In  such  a  state  of  combi- 
nation chalk  exists  in  the  waters  of  London,  dissolved,  invisible,  and 
colourless,  like  salt  in  water.  A  pound  of  chalk,  dissolved  in  560 
gallons  of  water  by  seven  ounces  of  carbonic  acid,  would  form  a 
solution  not  sensibly  different,  in  ordinary  use,  from  the  filtered  water 
of  the  Thames,  in  the  average  state  of  that  river.  Chalk,  which 
chemists  call  carbonate  of  lime,  becomes  what  they  call  bicarbonate  of 
lime,  when  it  is  dissolved  in  water  by  carbonic  acid.  Any  lime-water 
may  be  mixed  with  another,  and  any  solution  of  bicarbonate  of  lime 
with  another,  without  any  change  being  produced.  The  clearness  of 
the  mixed  solutions  would  be  undisturbed.  Not  so,  however,  if  lime- 
water  be  mixed  with  a  solution  of  bicarbonate  of  lime.  Very  soon  a 
haziness  appears ;  this  deepens  into  a  whiteness,  and  the  mixture  soon 
acquires  the  appearance  of  a  well-mixed  whitewash.  When  the  white 
matter  ceases  to  be  produced  it  subsides,  and,  in  process  of  time,  leaves 
the  water  above  perfectly  clear.  The  subsided  matter  is  nothing  but 
chalk.  What  occurs  in  this  operation  will  be  understood  if  we  suppose 
that  one  pound  of  chalk,  after  being  burned  to  nine  ounces  of  quick- 
lime, is  dissolved,  so  as  to  form  40  gallons  of  lime-water ;  that  another 
pound  is  dissolved  by  seven  ounces  of  extra  carbonic  acid,  so  as  to  form 
560  gallons  of  a  solution  of  bicarbonate  of  lime  ;  and  that  the  two 
solutions  are  mixed,  making  up  together  600  gallons.  The  nine  ounces 
of  quicklime  from  the  one  pound  of  chalk,  unite  with  the  seven  extra 
ounces  of  carbonic  acid  that  hold  the  other  pound  of  chalk  in  solution. 
These  nine  ounces  of  quicklime  and  seven  ounces  of  carbonic  acid  form 
16  ounces,  that  is,  one  pound  of  chalk,  which  being  insoluble  in  water 
becomes  visible  at  the  same  time  that  the  other  pound  of  chalk,  being 
deprived  of  the  extra  seven  ounces  of  carbonic  acid  that  kept  it  in 
solution,  reappears.  Both  pounds  of  chalk  will  be  found  at  the  bottom 
after  subsidence.  The  600  gallons  of  water  will  remain  above,  clear 
and  colourless,  without  holding  in  solution  any  sensible  quantity  either 
of  quicklime  or  of  bicarbonate  of  lime.  The  weight  of  chalk  separated 
from  the  whole  waters  of  the  several  Companies,  estimated  at  40 
millions  of  imperial  gallons,  would  be  about  24  tons  a-day,  or  9,000 
tons  a-year.  Here  the  weight  stated  refers  to  matter  such  as  no  filter 
can  separate,  and  it  does  not  include  any  of  the  precipitated  chalk  that 
has  for  its  basis  the  lime  added  to  the  water  in  the  form  of  lime  water. 
Taking  both  together,  the  chalk  that  falls  down  would  amount  to  55 
tons  a-day,  or  20,000  tons  a-year.  As  far  as  I  have  been  able  to  ascer- 
tain, the  cost  of  the  burnt  chalk  required  for  all  the  water  Companies 
in  the  metropolis  would  be  10/.  a-day.    Against  this  cost  may  come 
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to  be  deducted  the  value  of  the  55  tons  a-day  of  deposited  chalk,  which  Profc«aor 
cannot  but  be  available  for  some  useful  purposes.    Being  burned  it  ciark^,D. 
would  afford  lime  of  improved  quality  for  mortar,  and  without  being 
burned  it  might  answer  as  an  ingredient  of  compost  manures  for  clay 
soils.    At  the  least,  the  expense  of  the  burned  chalk  would  be  reduced 
to  the  cost  of  burning."  * 

28.  Can  you  give  the  results  as  to  the  degrees  of  hardness  and 
alkalinity  removed  by  the  application  of  your  process  ? — In  the  case 
of  the  East  London  water,  I  found  the  hardness  16t^^°,  the  alkalinity 
15-iV°.    It  interesting  to  mention,  that  having  kept  the  water 

for  a  long  time  in  open  vessels  in  a  large  laboratory,  the  hardness  fell 
to  15xV^'         mixing  the  water  of  16iV°  of  hardness  with  lime-water, 
in  the  proportion  of  four  bulks  of  lime-water  to  44  of  the  original 
water,  I  found  the  hardness  reduced  to  4T^xr"-    In  another  trial,  in  the 
proportion  of  4  to  45,  the  hardness  became  4°.    In  subsequent  trials, 
when  the  hardness  of  the  water  was  15°,  I  found  the  purified  4°  ;  when, 
the  hardness  was  14^^°?  the  purified  was  4°.    In  one  case,  when  the 
hardness  was  14-jV°,  the  purified  was  3y^o  ^    The  general  result  was  4"' 
of  hardness  in  the  purified  East  London  water.    Connected  with  this 
water,  I  may  mention  that  all  water  holding  carbonate  of  lime  is  softened 
by  prolonged  boiling;  there  is  a  misapprehension,  however,  in  regard 
to  the  effect  of  boiling;  a  short  boiling  has  very  little  effect  indeed  in 
softening  water ;  when  you  subject  water  to  even  a  sharp  boiling,  under 
the  most  favourable  circumstances,  1  find  two  hours  and  three  quarters, 
or  three  hours,  necessary  for  decomposing  all  the  bicarbonate  of  lime, 
precautions  being  taken  to  prevent  any  evaporation  of  water  in  the 
form  of  steam.    By  boiling,  this  water  was  reduced  to  In  the 

case_of  the  New  River  water  the  hardness  was  13"i-V%  the  alkalinity  was 
12tV°;  this  purified  by  lime-water,  in  the  proportion  of  3  to  40,  was 
reduced  to  S^Zg-"  of  hardness  ;  by  prolonged  boiling  it  was  reduced  to 
of  hardness.  I  got  another  specimen  of  New  River  water,  \\-^^\ 
which,  by  using  the  proportion  of  1  of  lime-water  to  14t^o°  of  the  water, 
was  reduced  to  the  hardness  of  2-^"". 

29.  Can  you  give  any  account  of  the  degree  of  softness  acquired  by 
the  London  pipe  waters  when  boiled,  as  is  usually  practised  for  house- 
hold use  ?— In  the  summer  of  1841,  1  had  the  curiosity  to  make  several 
trials  of  the  hardness  of  boiled  New  River  water ;  the  following  table 
presents  the  results  : — 

Hardness. 

1841.  May    .    .    Tavistock  Hotel,  Covent-garden  7°1 

July  31     .    The  same  g.Q 

Aug.  1     .    The  same  7-4 

Aug.  2    .    The  same  5-2 

Aug.  4    .    The  same  4.3 

Aug.  16    .    Bedford  Hotel,  Covent-garden      .     .    \    \    ,  2*9 

55  },     '    Hummum's  Hotel,    ditto  6-8 

5>  5>     •    Private  family,        ditto   S-O 

"  >>     •    Private  family,  Charlotte-street,  Bedford-square  4-0 

j^JJtwersity  College  a  large  boiler  of  water,  being  kept  heated  for 

Watpf'r^'''  Process  for  purifying  the  Waters  supplied  to  the  Metropolis  bv  the  existing 
rieetsrrm^""l849  '^"^  J"  ^'  '"^^y^"''  ^^^'^  Lion-court^ 

[3.]  ' 
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application  of  your  process  can  you 
rdness  14-/^°,  of  alkalinity  iS-jV^; 


two  hours  and  a-half,  showed  8-,-%-'  of  hardness.  [There  is  a  very 
remarkable  fact  that  I  have  observed  on  the  comparative  result  of  the 
process  of  prolonged  boiling,  and  of  the  process  of  softening  by  means 
of  lime-water.  Both  processes  result  in  nearly  the  same  degree  of 
hardness,  but  the  lime  process  gives  a  result  much  less  alkaline  than 
the  boiling  process,  although  the  contrary  might  have  been  expected. 
Thus  in  trials  of  a  specimen  of  the  Thames  water,  I  found  that  boiling 
and  that  lime-water  each  softened  the  Thames  to  about  4°  ;  but  while 
the  alkalinity  of  the  boiled  specimen  was  rather  above  4°,  the  alkalinity 
of  the  specimen  softened  by  lime-water  was  rather  less  than  2^  ;  and 
yet  in  this  case  the  lime-water  had  added  about  13°  of  alkalinity  to  the 
Thames.] 

30.  What  other  results  from  the 
give  ? — The  Thames  I  found  of  hardnes 

this,  after  purification,  was  of  hardness  4t-V°»  of  alkalinity  ItV  J 
proportion  of  lime-water  was  3  to  38.  By  long  keeping  this  same 
water  became  IStV  of  hardness.  The  general  result  upon  the  waters 
of  the  Companies  in  London  I  found,  by  a  great  variety  of  other  trials, 
to  be  this,  that  they  acquire  the  same  degree  of  softness  by  the  process 
as  when  you  mix  the  original  water  with  distilled  water,  in  the  pro- 
portion of  one  measure  of  the  original  water  to  three  measures  of  the 
distilled  water  ;  such  is  the  general  result  as  to  London.  I  will  mention 
another  case  in  the  neighbourhood  of  Watford,  on  the  river  Gade, 
where  I  found  the  hardness  to  be  18^*0°,  and  the  alkalinity  iTi*/* 
treating  this  water  with  one-tenth  of  its  bulk  of  lime-water,  the  hard- 
ness was  reduced  to  2tV^  and  the  alkalinity  to  1-j-V' ;  the  softness  of  this 
purified  water  is  the  same  as  the  softness  of  a  mixture  of  one  bulk  of 
the  original  water  with  five  bulks  of  pure  distilled  water ;  in  other 
words,  only  one-sixth  of  the  original  hardening  matter  remains. 

31.  What  would  be  the  difference  in  the  action  of  those  waters, 
purified  and  mipurified,  upon  soap  ?— One  hundred  imperial  gallons 
would  require  of  the  strongest  white  curd  soap  that  I  have  ever  used, 
the  following  quantities  in  order  to  form  a  lather  : — 


Unpurified. 

Purified. 

East  London  .... 

New  River  .... 
Gade,  near  Watford  .  . 

31  QZ. 

28  oz. 
26  oz. 
36  oz. 

10  OZ. 
10  OZ, 

9  OZ. 

9  OZ. 

Mean  . 

30i 

9i 

ri  reckon  400  gallons  of  water  per  head,  per  year,  to  be  a  moderate 
allowance,  for  so  much  water  as  is  made  use  of  along  with  soap,  chiefly 
of  course  in  the  washing  of  clothes.]  If  any  member  of  the  Com- 
mission  be  desirous  of  forming  an  opinion  for  himself,  how  much  more 
a-reeable  it  would  be  to  wash  with  soft  water,  I  would  recommend 
that  he  order  his  wash-hand  basin  to  be  supplied  at  night  with  water 
that  has  been  long  boiled.  This  water  will  be  cool  enough  to  be  used 
next  morning;  it  will  have  been  softened  by  the  boiling— not  more 
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softened  than  by  my  process,  probably  not  so  much.    Then  by  putting  f  Professor ^ 
into  one  basin  the  water  that  had  been  boiled,  and  putting  into  ciark^l.D  . 
another  the  original  water  unboiled,  he  may  form  some  idea  of  the 
softening  that  the  process  would  produce  on  the  whole  water  supplied 
to  the  metropolis. 

32.  Do  you  know  what  relation  the  cost  of  soap  consumed  in  London 
bears  to  the  gross  water-rent  ? — I  reckon  the  cost  of  soap  consumed  in 
London  to  be  about  double  the  gross  water-rent.    The  quantity  of  soap 
consumed  in  England,  "\V ales,  and  Scotland,  can  easily  be  ascertained 
from  official  returns.    From  these  the  consumpt  of  every  individual 
of  the  population  appears  to  be  nearly  7^  lbs.,  or  120  ounces,  which, 
at  Id.  for  three  ounces,  or  50*.  per  cwt.,  comes  to  an  expense  of  3^. 
for  each  person.    There  are  no  ofBcial  returns  from  which  to  give  the 
consumpt  of  soap  in  London  alone  ;  but  after  making  diligent  inquiries 
as  to  the  consumpt  of  soap  in  families  that  washed  on  their  own  esta- 
blishments, and  obtaining  what  1  believed  was  the  best  information  that 
the  trade  could  afford,  I  came  to  the  conclusion  that  the  average  con- 
sumption of  each  person  was  about  double  in  London  what  it  was  over 
all  Britain— that  is  to  say,  15  lbs.,  which  comes  to  6a-.  Qd.  for  each 
person.    It  is  to  be  remembered  that  London  is  a  hard-water  district. 
The  Commissioners  must  be  aware  that  there  are  at  present  no  very 
accurate  data  for  an  estimate  of  the  water-rent  paid  by  each  person, in 
London,  but  85,  Ad.  seems  as  accurate  an  estimate  as  can  now  be  made. 
Thus  10*.  for  each  person  is  the  cost  of  soap  and  water  in  London ; 
6*.  8c?.  for  soap,  and  3*.  4d  for  water.    Since  the  soap  costs  twice  the 
water,  whatever  be  the  rate  of  saving  on  soap,  that  rate  will  become 
twice  as  much  when  reckoned  on  the  water.    For  example,  if  the 
saving  by  softening  the  water  be  only  5  per  cent,  on  the  soap,  it  would 
be  10  per  cent,  on  the  water. 

33.  What  is  the  total  soap  used  in  London  ?— About  1,000  tons, 
a-month,  at  about  50/.  a-ton,  and  along  with  it  i«  used  about  250  tons 
01  carbonate  of  soda,  at  about  10/.  a-ton,  costing  together  630,000/. 
2i-year. 

Tf  fl*  '  softening  of  water  by  your  process  affect  the  taste  ?— 
It  takes  a  httle  of  the  sahne  character  from  the  taste,  in  consequence 
of  the  removal  of  the  chalk.    It  does  not  appear,  so  far  as  I  have  had 

onZr^'v ''^r  f  t'^t-  objectionable  The 

opportunities  I  have  had  of  observing  were  these.  In  Aberdeen  when 
my  friends  came  about  my  laborato^ry,  I  let  them  ta^le  th  pu  ifi  d 
London  waters,  listemng  to  their  remarks  without  making  any  j^nd  in 

Wo^kinV  tTtai'T"^  '-Tf'      ""^^^^  wifei-e  I  wa^ 

tasS    t!  p        P""^'?  I  found  one  object  to 

^ne  taste.    In  Professor  Graham's  laboratory  in  University  Collecre 

wSXV'f^^  ^^^^  purified  afdS  fa 

Pup  ls  wem  to  tha?  r  T  '''''"^'^  laboratory 

-ce  L "re  pipe  wafen  '       "^''^  ^^^^  -  P-^-^ 

e4e;s7v!!¥wo  ve?rf  n'^'T  °^/°"[  P^;°^«««  be  attended  with  much 

impression  then  was   hn?H  l^"  ^"^"^^'^"^  ^ 

'omewhere  aW  ^^P^^^-^/^^  the  materials  would  come  to 

nere  about  l  per  cent,  upon  the  gross  water-rent  of  London. 

V2 


164  M^ell  Water  of  London. 

Viofessor  Probably  the  other  expenses,  of  interest  on  outlay,  and  of  conducting 
ijinrk,^.D.  ^j^^  process,  woukl  not  much  exceed  another  per  cent.    (See  Q.  54, 
57—61.) 

36.  You  are  probably  aware  that  the  water  supplied  by  the  water 
Companies  is  supplied  from  the  river  Thames ;  is  there  not  a  marked 
difference  between  the  composition  of  the  river  water  and  that  obtained 
from  the  wells  occasionally  in  the  metropolis  ? — Generally  speaking 
the  wells  are  harder,  much  harder.  I  may  give  a  few  instances. 
Torrington-square  well,  which  was  the  hardest  I  examined,  stood  about 
80^  of  hardness.  The  well  at  the  gate  of  University  College  stood 
32°.  A  well  in  a  private  house,  Charlotte-street,  Bedford-square,  stood 
43^°.  Red  Lion-square  pump  gave  61*5  of  hardness.  Among  the 
London  wells  there  is  one  exception,  and  a  very  notable  and  important 
one  ;  that  is,  in  the  deep  wells.  I  i-efer  to  the  artesian  wells  ;  they  are 
softer.  I  have  examined  the  deep  well  of  Apothecaries'  Hall,  the  one 
at  Combe's  brewhouse,  and  the  one  at  Truman  and  Co.'s  brewhouse. 
They  gave  each  almost  exactly  the  same  degree  of  hardness,  namely, 

37.  Do  you  happen  to  know  the  depths  of  those  wells?— I  cannot 
state  that  particularly,  but  they  are  among  the  deepest  wells  in  town. 
There  is  a  very  remarkable  peculiarity  belonging  to  the  water  of  those 
wells,  which  is,  that  they  are  very  highly  alkaline.  [The  degree  of 
their  alkalinity  exceeds  the  degree  of  their  hardness  by  17°,  according 
to  an  analysis  recently  performed  at  the  Royal  College  of  Chemistry, 
on  account  of  the  presence  of  a  large  proportion  of  alkaline  bicar- 
bonates.l  In  respect  of  the  excess  of  alkalinity  over  the  hardness,  they 
are  different  from  almost  any  other  water  I  have  examined,  save  that 
from  the  artesian  well  in  Paris.  The  consequence  of  the  large  pro- 
portion of  alkaline  bicarbonates  they  contain  is,  that  if  you  boil  any  ot 
these  waters  you  will  find  it  become  nearly  as  soft  as  water  can  be. 
Very  perfectly  the  earthy  salt  is  precipitated;  but  while  you  are  free 
from  earthy  salts  you  have  got  so  much  of  alkaline  salts  that  you  can 
very  distinctly  taste  the  alkali  in  the  water;  so  that  the  water  from 
any  of  the  very  deep  wells  in  London  is,  in  fact,  when  boiled,  a  weak 
solution  of  carbonate  of  soda  or  carbonate  of  potash  . 

38.  Sufficient  to  produce  any  effect  ?-I  think  sma  1  doses  of  alkaUne 
salts  always  act  medicinally  on  the  kidneys,  and  I  think  that  portion  of 
the  water  is  the  only  portion  of  which  we  can  say  with  confidence  ha 
t  does  produce  medicinal  effect.    It  was  on  that  consideration  that  I 
alluded  to  the  alkaline  bicarbonates  as  a  most  important  ingredient  m 

Sris'there  any  appreciable  quantity  of  vegetable  matter  in  the 
water  which  is  in  use  in  the  metropolis  ?-Uniformly  there  is  a  c^^^^^^ 
Srable  portion  of  vegetable  matter  in  the  water  supplied  to  London 

%aHaX  offensive  smell  of  certain  water  any  connexion  with 

e  •    w^oft^^  ?    Tprfainlv     When  the  water  put  into  a 

V::T::s:1  ::^s  rri^n^v^smetthat  can.be  attributed  only  to 
file  presence  of  vegetable  matter,  or  other  organic  matter  undergoing 

'  trfs'the  animal  matter  which  passes  into  the  river  by  the  sewers 


Impurities  in  Water. 


165 


separable  by  filtration  or  any  other  means  ? — The  solid  portion  of  it  Professor 
may  be  separated  by  filtration ;  but  not  the  portion  of  it  held  in 
solution.  At  the  same  time  I  must  say  that  I  think  very  undue 
weifht  has  been  given  to  the  presence  of  organic  matter,  and  espe- 
cialfy  of  animal  matter ;  as  if,  because  it  vi'as  inseparable  by  filtra- 
tion, it  still  must  retain  the  same  ofl"ensive  character  as  when  it  entered 
the  water.  I  think  this  will  appear  exceedingly  unlikely,  when  you 
observe  what  occurs  in  the  well-known  process  of  making  nitre  arti- 
ficially, where  such  animal  matter  as  the  washings  of  the  cow-house  is 
converted  so  readily  into  the  basis  of  nitric  acid  ;  when  you  consider  how 
readily  such  matters  are  likewise  changed  in  the  usual  process  of 
vegetation,  and  when  you  consider,  further,  how  readily  dead  animal 
matter  changes  spontaneously.  For  such  reasons,  I  think  that  it  is 
assuming  far  too  much  to  say  that  such  animal  matter  as  passes  into  the 
river  remains  there  unchanged,  especially  remembering  how  freely  a 
river  is  exposed  to  the  action  of  the  air,  and  recollecting  the  other 
matters  that  are  present,  so  calculated  in  such  circumstances  to  increase 
chemical  action,  as,  for  instance,  the  alkaline  substances  present. 
Under  such  circumstances,  I  think  it  is  very  unlikely  indeed  that  the 
elements  of  animal  matter  do  not  undergo  change,  and  rapidly  too,  into 
some  other  state  of  combination. 

42.  Is  the  presence  of  water  insects  of  any  consequence,  and  is  that 
peculiar  to  London  water,  or  have  you  found  them  in  the  water  of  other 
districts  in  England  ?— Those  insects  are  not  peculiar  to  the  London 
waters  ;  but  the  London  are  the  first  of  the  waters  supplied  for  the  use 
of  the  inhabitants  of  towns  in  which  I  ever  saw  them.  They  are  not 
general  in  the  waters  of  other  towns,  at  least  in  Scotland,  and  are 
nowhere  to  be  found  except  in  such  waters  as  are  not  in  a  choice  state 
•for  drinking.  They  are  an  indication  in  general  of  a  vegetating  pro- 
cess going  on  in  the  water ;  I  think  I  have  observed,  from  examining  a 
great  variety  of  specimens  of  water  kept  in  glass  vessels,  that  the  two  • 
things  generally  go  together,  the  vegetating  process  and  the  breeding 
of  those  insects.  Either  circumstance  I  should  apprehend  to  be  a  pre- 
sumption of  the  other,  and  to  indicate  a  state  of  water  unfit  for  drinking. 

43.  Can  you  state  what  eflfect  on  health  is  likely  to  ensue  from  the 
constant  use  of  water  containing  animal  or  vegetable  impurities  ? — I  am 
not  prepared  to  make  any  statement  upon  that  subject ;  nor  am  I 
aware  that,  in  regard  to  a  question  of  so  much  interest,  there  has  been 
much  accurate  information  obtained.  However,  there  is  one  very 
obvious  consideration  as  regards  the  health  of  the  inhabitants,  that  if 
you  have  water  not  fit  for  drinking,  in  which  there  is  matter  offensive 
in  any  degree,  by  so  much  as  the  water  is  offensive  you  lessen  the  habit 
ot  drmking  water.  Now,  you  cannot  restrict  the  supply  of  water  to 
such  quality  as  is  naturally  repulsive;  you  cannot  thus  render  the 
innabitants  abstment  from  water,  without  interfering  with  the  healthful 
lunctions  of  their  bodies.  It  was  with  no  small  concern  lhat  I  learned 
ordP  A  -1  ^"habitants  of  London,  and  especially  of  the  lower 
whpn'i  •  "  •  T^**;'"',  "laking  my  experiments  upon  these  waters, 
water.  "jT"'  ■{  ^^%servants  about  me  how  they  liked  particular 
mere  T  ^u'^""^  '""'^''''^  ^  discovered  that  they-generally 
mere  lads-knew  nothing  about  the  taste  of  the  water.    The|  are  the 


166 


On  Reservoirs  of  Subsidence. 


Pioft'ssor 
;Urk,  M.D. 


same  sort  of  persons  as  would  be  accustomed  to  drink  water  in  other 
places,  but  they  have  other  beverages  here.  I  should,  perhaps  not 
speak  as  to  the  general  habit  of  the  inhabitants,  but  only  of  what  little 
I  have  observed  in  such  circumstances. 

44.  What  do  you  mean  by  mechanical  impurities  ?— Such  impurities 
as  you  can  see  in  water ;  solid  matter  loosely  diffused  through  it. 

45.  What  are  the  ordinary  means  in  use  for  the  removal  of  those 
mechanical  impurities  in  water  ?— All  the  usual  means  may  be  reduced 
to  two,  the  process  of  subsidence  and  the  process  of  filtration. 

46.  Have  you  any  suggestions  to  make  with  regard  to  reservoirs  of 
subsidence  ? — In  constructing  reservoirs  for  water  to  supply  a  large 
town,  there  are  a  great  many  important  provisions  to  be  made.  I  think 
there  is  one  point  that  must  be  laid  down  almost  as  a  general  principle, 
namely,  that  you  should  never  unite  the  supplying  of  water  to  a  town 
with  the  supplying  of  water  to  a  canal,  or  to  mills,  or  to  any  other 
mechanical  object ;  and  tlie  reason  is,  that  whenever  you  apply  water 
to  a  mechanical  purpose  there  is  no  end  to  the  demand  for  it.  Coloured 
or  colourless,  pure  or  impure,  it  will  answer  equally  well  for  mechanical 
purposes;  and  the  persons  interested  in  mechanical  applications  of 
water  will  be  quite  willing  to  let  water  be  taken  in  such  as  is  not  at  all 
fit  for  drinking,  for  washing,  or  for  chemical  manufactories.  With 
regard  to  the  size  of  reservoirs,  there  are  reasons  why  they  should  not 

•be  too  large,  and  there  are  reasons  why  they  should  not  be  too  small. 
Reservoirs  should  not  be  so  large  as  to  encourage  vegetation  in  them. 
I  think  I  have  observed  some  reservoirs  where  there  is  this  defect; 
they  have  been  so  large  that  the  water  remains  long  enough  to  be  com- 
paratively corrupted.  This  is  a  very  grave  defect;  and  in  order  in 
part  to  remedy  it,  the  use  of  some  substance  repulsive  to  vegetation,  in 
order  to  line  the  reservoir,  might  be  expedient ;  for  instance,  asphaltum. 
Again,  reservoirs,  on  the  other  hand,  may  be  too  small.  They  should 
always  be  so  large  as  to  hold  a  stock 
of  water  for  as  many  days  as  may  be 
necessary  to  avoid  taking  in  a  supply 
at  a  period  when  the  water  is  not  in 
a  fit  state  for  use,  from  rain  or  other 
causes.  For  this  reason  it  is  in 
general  expedient  that  the  first  re- 
servoir into  which  water  is  pumped 
from  a  river  should  not  be  far  from 
the  river,  nor  high  above  it,  so  that 
any  given  amount  of  machinery  may 
be  able  to  fill  it  the  more  speedily  : 
so  much  with  regard  to  the  size. 
Then  the  reservoir  should  be  used 
as  a  means  of  subsidence,  and  helps 
to  subsidence  ought  to  be  adopted. 
Among  other  helps,  I  think  it  is 
expedient  to  have  partition  walls  in 
the  reservoirs.  Here  is  a  sketch 
I  drew  in  the  other  room. — [The 
Witness  here  produced  the  same.'] 


Entrance. 


^ 


Mrji  /lariUion  wall. 


Second  partition  wall-^ 


f 


Exit. 
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...    Water  level- 


Suppose  the  water  enters  at  the    Section  of  the  second  partition  wall.  ^(^^"^^^ 

utmost  arrow,  it  passes  round  the  ,  ^  ,  ^_L_ 

partition  walls,  in  the  direction  of 
the  arrows,  as  shown  ia  the  drawing. 
If  you  observe  a  reservoir  without 
partitions  you  will  see  this  take 

place.  When  the  wind  gets  up  so  as  to  sweep  the  reservoir,  say  in  its 
length,  then,  the  sides  of  the  reservoir  being  a  little  above  the  surface 
of  the  water,  the  waves  would  not  begin  to  be  formed  for  some  con- 
siderable distance  from  the  wall ;  and,  in  proportion  to  the  length, 
they  would  go  on  increasing  in  size.  The  partitions  would  have  the  effect 
of  preventing  the  agitation  in  a  considerable  degree.  These  walls  would 
have  another  effect ;  they  would  give  a  regular  flow  of  water  from  the 
point  of  entrance  of  the  water  to  the  point  of  its  exit :  whereas  without 
those  walls  it  may  happen,  and  I  have  observed  such  a  thing  to 
happen,  that  you  may  have  water  of  one  description  in  one  part  of 
your  reservoir,  and  water  of  a  different  description  in  another  part, 
where  there  is  a  defective  flow  of  the  water.  But  in  a  reservoir 
with  walls,  the  v?ater  that  has  first  entered  the  reservoir  comes  out 
first.  [Such  walls  might  also,  perhaps,  afford  support  to  roofing,  or 
other  means  of  covering  in  the  reservoir,  and  protecting  the  water 
from  the  action  of  the  sun,  which  is  a  great  promoter  of  vegeta- 
tion.] Floating  diagonally  at  the  place  where  the  water  passes  be- 
yond each  partition  wall,  there  should  be  a  floating  spar,  with  wooden 
pegs  in  it.  This  is  represented  in  the  sketch  of  plan  by  dotted  lines. 
The  use  of  it  is  to  stop  straw,  and  similar  floating  matter,  as  well  as  to 
break  the  waves  at  that  place.  Further,  with  regard  to  the  reservoir, 
there  is  a  very  important  point  that  I  think  has  not  been  attended  to  in 
water-works  for  towns,  though  I  have  observed  manufacturers  attend 
to  it;  that  where  water  is  to  be  obtained  from  different  sources,  and 
where,  in  consequence,  it  is  of  different  qualities,  I  think  it  is  quite 
necessary  that,  before  the  water  comes  into  the  reservoir,  all  the  dif- 
ferent kinds  should  be  thoroughly  mixed.  This  is  the  practice  in  the 
district  of  England  where,  I  think,  the  treatment  of  water  is  best 
understood  of  any  part  of  the  United  Kingdom,  that  is  Lancashire. 
The  practice  in  manufactories  around  Manchester  almost  uniformly  is, 
where  you  have  two  different  qualities  of  water,  to  mix  them  into  one 
stream,  and  let  them  run  together  in  a  narrow  channel  pretty  swiftly, 
and  for  some  distance,  before  they  come  into  the  subsiding  reservoir. 
One  advantage  arises  from  this  :  it  often  happens  that  the  saline  impu- 
rities of  one  water  act  upon  those  of  another.  Such  an  action,  wherever 
the  waters  are  of  a  kind  to  occasion  it,  is  immediately  produced  under 
the  arrangement  described.  The  different  waters  are  mixed  together 
before  they  enter  the  reservoir,  and  are  ready  for  the  precipitation  con- 
sequent on  their  mixture  immediately  taking  place,  whereas  if  they 
entered  a  reservoir  separately,  the  water  from  one  source  might  run 
into  one  corner,  and  that  from  the  other  source  into  another ;  the  one 
might  be  muddy  and  the  other  clear ;  they  might  never  be  properly 
rnixed  ;  and  wherever  they  came  in  contact,  there  would  be  a  muddiness 
slowly  formed.  Whenever  you  have  any  dirty  water,  the  subsidence 
ot  the  dirty  matter  is  greatly  aided  by  mixture,  and  a  consequent  pre- 
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'^^1%  ^iPitation.  The  mixture  of  different  waters  causes  them  to  act  on  each 
■  other ;  occasions  a  readiness  to  precipitate,  and  the  deposit  of  floating 
mechanical  matter  takes  place  in  this  manner  much  more  readily,  in 
consequence  of  the  thorough  admixture  of  the  two  kinds  of  water. 
The  success  of  the  filtration  of  water  on  the  large  scale,  I  think,  is 
greater  in  Lancashire  than  in  any  other  part  of  the  United  Kingdom. 
I  attribute  a  very  great  portion  of  that  success  to  this  arrangement,  for 
it  is  a  point  universally  known  to  chemists,  that  you  cannot  filter  water 
clearly  unless  it  be  in  such  a  state  that  it  will  spontaneously  deposit 
the  solid  matter  by  subsidence,  and  leave  the  water  clear.  If  subsi- 
dence leaves  the  water  still  milky  or  xmclear,  the  water  almost  univer- 
sally passes  through  the  filter  milky.  I  would  add,  in  regard  to 
subsiding  reservoirs,  that  I  think  water  should  be  taken  not  from'the 
bottom  but  from  the  top  of  the  reservoir.  I  am  sorry  to  observe  it  is 
almost  an  universal  rule  to  take  it  from  the  bottom  :  the  engineer  finds 
it  more  easy  to  take  it  from  thence. 

47.  By  what  means  would  you  draw  it  off  from  the  top  ? — By  any 
known  device  of  engineering  that  is  expedient  under  the  circum- 
stances. I  would  take  it  not  far  from  the  surface.  In  one  case  of  a 
manufactory,  I  recommended  that  there  should  be  a  large  float  on  the 
top,  attaching  to  it  the  open  end  of  an  exit-pipe,  so  that  the  distance 
from  the  surface  of  the  opening  for  the  exit  of  the  water  was  always 

.  the  same,  the  pipe  having  a  moveable  joint. 

48.  Will  you  state  your  opinion  with  regard  to  the  different  modes 
of  filtration  used  on  a  large  scale  ? — There  are  two  modes  of  filtra- 
tion that  have  been  effectually  used  on  the  large  scale,  one  called  the 
Natural  Filter,  the  other  called  the  Lancashire  Filter.  I  think  that  the 
natural  filter  was  applied  on  a  very  considerable  scale  first,  as  far  as  I 
am  aware,  at  Glasgow.  On  the  River  Clyde,  a  few  miles  above  Glas- 
gow, there  is  a  very  extensive  convex,  round  bank  of  sand ;  buried  in 
this  bank,  nearly  parallel  to  the  edge  of  the  river,  as  well  as  to  the 
surface  of  the  water,  and  under  its  level,  was  a  tunnel  so  constructed 
as  to  be  without  mortar  above,  but  with  mortar  below.  The  water 
was  allowed  to  filter  !into  this  tunnel,  and  to  trickle  from  that  into 
wells,  and  from  thence  it  was  pumped  up  for  use.  This  method  of 
filtration,  in  consequence  of  the  success  that  attended  the  first  great 
application  of  it  at  Glasgow,  was  imitated  elsewhere  on  the  banks  of  the 
same  river,  and  in  other  places,  but  most  commonly  it  failed,  One 
cause  which  led  frequently  to  its  failure  was  this,  that  springs  were 
found  in  the  ground,  which  afforded  water  perhaps  harder  than  that 
which  was  filtering.  In  the  case  of  the  other  trials  of  the  Clyde  water, 
the  natural  filter  afforded  springs  containing  iron,  and  injurious  for  the 
purposes  for  which  the  water  was  designed,  especially  washing  and 
dyeing.  Such  a  defect  must  occur,  more  or  less,  wherever  you  have  a 
natural  spring  in  the  ground  of  worse  quality  than  the  water  you 
intend  to  filter.  When  you  use  the  natural  filter,  you  must  advert  to 
the  liability,  greater  or  less,  of  the  filtration  being  interfered  with  by 
springs.  But  there  is  another  defect,  which  has  led  me  to  the  conclu- 
sion, that,  upon  the  whole,  natural  filtration  is  not  an  expedient  method 
for  towns.  The  defect  I  refer  to  rests  upon  this  consideration :  the 
level  of  your  filter  is  fixed ;  the  level  of  the  water  in  the  river  will 
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vary.  In  exceedingly  hot  weather  this  level  is  lowest ;  but  it  is  in  Professor 
exceedingly  hot  weather  that  you  require  the  greatest  supply  of  water.  ciark^i.D. 
At  the  time  therefore  when  you  have  the  greatest  demand  for  water, 
you  have  the  smallest  supply ;  and  I  believe  it  will  be  found  on  expe- 
rience, that  wherever  such  a  filter  has  been  adopted  for  the  supply  of 
a  town,  the  parties  managing  the  water-works  are  compelled,  about 
Midsummer,  to  take  water  directly  from  the  river  to  supply  the  defi- 
ciency to  the  town.  Now  this  defect  is  one  so  constant,  and  that  so 
essentially  belongs  to  the  method,  that  I  think  we  ought  to  be  very 
cautious  of  adopting  that  as  the  mode  of  filtration  in  any  case.  I  would 
say  also,  that  there  is  probably  another  objection  to  that  description  of 
filter  that  you  have  not  it  under  command  ;  it  may  clog  up  by  use,  and 
if  it  do,  you  cannot  clean  it ;  at  least  I  do  not  see  the  means  of  doing 
so.    The  natural  filter,  therefore,  I  do  not  consider  eligible  for  use. 

49.  Do  you  know  the  Lancashire  method  ? — The  Lancashire  method 
may  be  easily  described  in  general  'terms.  Supposing  you  have  a  flat 
horizontal  surface  to  form  the  bottom  of  the  filter ;  that  is  puddled. 
Above  this  you  spread  gravel,  and,  in  general,  very  large  stones.  In 
the  spaces  between  those  stones  you  have  the  water  received  and  pass- 
ing out  by  means  of  little  tunnels  near  the  bottom.  These  are  formed 
in  a  variety  of  ways.  A  very  good  method  of  forming  them  has  been 
recently  practised,  and  answers  very  well ;  the  using  simply  of  agri- 
cultural draining  tiles.  Those  little  tunnels  are  for  letting  off  the  fil- 
tered water  all  around  them.  If  you  have  large  stones,  the  interstices 
between  those  large  stones  constitute  a  receptacle  for  holding  the  fil- 
tered water.  Above  the  large  stones  you  have  large  gravel,  then 
smaller  gravel,  till  you  come  to  sand.  The  whole  of  the  cleansing  part 
of  the  filter  consists  of  sand.  This  is  of  a  larger  grain  than  the  common 
sea  sand,  except  such  as  we  see  in  rocky  districts  at  the  mouths  of 
rivei-s  on  the  shore ;  large-grained  sand  of  a  uniform  size.  The  filter, 
I  think,  may  be  worked  so  low  as  four  inches  of  the  sand ;  I  think  it  is 
constructed  at  about  14  inches.  From  4  inches  to  14  inches  is  a  work- 
able depth  of  sand.  A  very  small  depth  of  water  above  the  surface  of 
the  filter  is  employed  ;  in  fact,  in  using  this  filter  I  think  it  is  usual  to 
see  some  part  of  the  surface  of  the  filter  uncovered  ;  the  whole  action 
is  found  to  be  concentrated  at  the  surface.  The  solid  matter  inter- 
cepted does  not  penetrate  perhaps  so  much  as  a  quarter  of  an  inch,  so 
that  by  removing  a  very  small  film  from  the  surface  you  get  a  clear 
filter  ;  this  removal  is  performed  by  a  workman  from  time  to  time.  I 
think  that  this  process  of  filtration  is  eflScacious  in  removing  mechanical 
impurities  to  an  extent  that  could  scarcely  be  believed  without  seeing 
the  process.  What  dirty  water  is  thus  filtered  and  used  in  some  of 
the  first  manufactories  of  calico-printers,  where  one  would  think  good 
water  was  at  least  very  desirable,  would  not  have  been  believed  by  me 
to  be  possible,  if  observation  had  not  made  me  familiar  with  the  fact. 
J-leanng  the  filter  is  a  matter  of  very  small  expense  in  a  large  manu- 
lactory;  neither  is  the  structure  of  the  filter  expensive.  What  is 
scraped  off  the  top  is  set  aside,  and  at  the  end  of  such  a  period  as  a  year, 

rPnPwHi  ^^'^^  '^^  the  filter,  so  that  no 

ahire  f  t   •  necessary.    Such  is  an  outline  of  the  Lanca- 

nitermg.    There  are  occasionally  seen  in  some  such  filters,  ii-on 
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CUrk*M"D  ^^P^^  rising  upright  throughout  the  surface  of  the  sand.  These  pipes 
■  *  are  open,  and  communicate  with  the  little  tunnels.  The  use  of  them  is 
simply  to  let  the  air  escape,  so  that  the  pressure  of  the  air  that  might 
be  confined  in  the  tunnels  under  the  sand  does  not  prevent  the  action 
of  the  filter.  Of  all  the  methods  of  filtration,  I  consider  the  Lancashire 
the  best.  It  is  particularly  to  be  recommended  for  its  theap  construc- 
tion ;  and  the  facility  of  cleaning  the  filter  is  an  important  advantage. 

50.  Is  it  applicable  to  large  bodies  of  water,  such  as  are  required 
for  cities? — Yes;  I  have  seen  it  applied  to  great  paper  works,  which 
require  very  large  supplies  of  water.  There  is  no  limit  to  the  applica- 
tion of  it. 

51.  Is  it  applicable  where  there  is  a  great  flow  of  water  going  into 
reservoirs? — I  know  no  circumstance  to  hinder  the  application  of  it  on 
any  scale  whatever. 

52.  Where  there  is  a  very  fapid  consumption  of  water  ;  where  the 
flow  into  the  reservoir,  and  the  demand  for  the  water  of  the  reservoir, 
is  very  rapid  ? — It  would  require  in  that  case  a  larger  filter.  The 
process  is  so  easy  in  its  operation,  and  so  rapid  in  its  effect,  that  I  am 
not  aware  that  any  amount  of  water  might  not  be  filtered  by  it.  In 
Glasgow  all  the  water  is  professed  to  be  filtered  for  the  use  of  a  popu- 
lation  of  above  300,000.  Now  I  have  no  hesitation  in  saying  there 
would  be  less  difficulty  in  filtering  by  the  Lancashire  process  than  by 
the  methods  that  have  been  adopted  there.    (See  Q.  64,  65.) 

53.  The  effect  of  your  statement  is,  that  the  different  waters  supplied 
by  the  London  water  companies,  varying  in  hardness  from  16  to  11, 
and  so  on,  would  be  reduced  by  the  improved  process  three-fourths  in 
their  hardness  ? — Precisely  so. 

54.  What  would  be  the  cost  of  the  process  on  any  given  quantity  of 
water  ? — That  is  a  calculation  that  cannot,  from  the  nature  of  _  it,  be 
made  until  a  specific  case  shall  arse.  You  can  easily  ascertain  the 
quantity  and  the  cost  of  the  lime  that  is  requisite,  when  you  know  the 
quantity  and  quality  of  water  that  is  to  be  purified;  and  the  cost  of 
that  material,  according  to  the  best  info;-mation  I  could  obtain  when  I 
made  inquiry  two  years  ago,  could  not  Ke  more  than  10/.  a-day,  in  order 
to  purify  all  the  water  supplied  to  London. 

55.  Might  it  not  be  proper,  as  a  means  of  saving  expense,  to  purify 
only  a  part  of  the  water,  say  a  half,  and  leave  the  rest  unpurified,  for 
watering  streets,  and  the  like  purposes?— My  impression  is,  that  the 
difference  of  expense  between  purifying  the  half  and  purifymg  the 
whole,  consisting  mainly,  as  it  must,  in  the  cost  of  the  material,  is  so 
little,  that  it  ought  never  to  be  made  a  question  whether  the  whole 
should  be  purified  or  only  a  part.  A  halfpenny  a-year  would  supply 
burnt  lime  to  purify  water  for  each  person  in  the  metropolis.  Besides, 
the  larger  the  scale,  the  process  is  the  easier,  and  the  more  advan- 
tageous in  its  application.  ^'  e 

56.  Do  you  regard  it  as  of  any  consequence  what  quality  of  water  is 
used  for  such  a  purpose  as  watering  the  streets  ?— Not  certainly  as  a 
matter  of  indifference.  The  best  waters  now  use^  for  watermg  the 
streets  of  London  are  probably  the  hard  springs.  They  are  free  from 
vegetating  matter.  The  pipe  waters  are  not  so ;  and  waters  with  this 
kind  of  taint  communicate  it  to  other  water,  or  other  organic  matter 
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tiiat  may  come  in  contact  with  them.  When  it  is  considered  how 
readily  effluvia  will  rise  from  a  heated  street  covered  with  a  filraof*"'"^^ 
water,  it  ought  not,  I  think,  to  he  regarded  as  a  matter  of  indifference 
whether  untainted  water  should  be  used  for  streets.  Supposing  the 
pipe  waters  of  London  were  purified  by  my  process,  they  would  cer- 
tainly be  more  wholesome  water  for  the  streets ;  and  even  if  to  every 
cart  of  such  water  were  added  a  gallon  or  two  of  lime  water,  a  liquor 
very  inimical  to  vegetation,  probably  it  would  be  more  wholesome 
still  free  from  any  character  that  belongs  to  heated  marsh  water,  unfa- 
vourable to  vegetation,  but  favourable  to  animal  matter  assuming  the 
form  of  nitrates.  In  some  towns  I  have  seen  the  kennels  dammed  up, 
and  the  water  sprinkled  thence  by  a  shovel,  or  some  such  instrument. 
Thus,  no  doubt,  the  dust  is  laid ;  but  the  effluvia  is  a  more  unwhole- 
some evil  than  the  dust.  Water  tainted  and  smelling,  as  I  have  occa- 
sionally observed  water  in  London,  is  worse  for  watering  streets  than 
even  kennel  water. 

57.  For  the  whole  supply  of  London,  the  expense  of  the  burnt  lime 
would  be  3,650/.  a-year,  according  to  your  calculation.  What  other 
expenses  would  be  incident  to  carrying  it  into  elfect  ? — The  other 
expenses  would  depend  entirely  upon  what  conveniences  the  water 
companies  have  just  now.  The  West  Middlesex  Company,  for  instance, 
have  extensive  reservoirs,  not  more  extensive  than  under  suitable 
arrangements  would  be  necessary  for  the  proper  treatment  of  the 
water.  There  the  expense  might  be  very  little,  for  they  are  in  pos- 
session of  reservoirs.  If  the  purifying  process  was  to  be  applied  by 
a  company  that  possesses  no  reservoirs,  or  inadequate  reservoirs,  then 
there  would  come  in  the  expense  of  the  additional  reservoirs ;  but, 
independent  of  '.he  providing  of  the  reservoirs  to  such  an  extent  as  is 
at  present  necessary  for  effecting  subsidence  properly,  the  expense  of 
the  process  and  of  the  erections  for  working  it,  would  be  very  small. 

58.  What  would  be  the  additional  expense  to  that  company  which 
had  a  reservoir  ? — That  is  a  question  I  am  not  prepared  to  answer,  from 
the  circumstance  that  having  invited  the  attention  of  the  various  water 
companies  to  this  process,  1  found  that  with  one  exception,  and  hardly 
a  second,  they  civilly  declined  so  much  as  to  look  at  the  process.  The 
principal  exception  occurred  in  the  case  of  the  Grand  Junction  Water 
Company,  of  which  both  the  secretary  and  the  engineer  inspected  the 
operation  of  the  process  on  a  small  scale,  and  also  satisfied  themselves 
of  the  remarkable  changes  of  quality  induced  by  the  process  :  at  first 
the  secretary,  and  after  a  long  interval,  one  or  two  directors  of 
the  West  Middlesex  did  also  satisfy  themselves  upon  the  same  points, 
but  it  was  merely  looking  at  the  process,  nothing  more. 

59.  Though  not  prepared  to  make  the  calculation,  can  you  give  any 
approximation  to  the  other  expenses  ? — I  cannot  profess  to  offer  any 
advised  approximation,  for  the  point  is  one  on  which  an  engineer  must 
be  the  judge.  I  was  prepared  to  point  out  to  the  engineer  of  any  of 
the  water  companies  all  that  was  necessary  to  be  attended  to  for  doing 
■'"w^V"       PJ'ocess,  expecting  he  would  state  to  his  own  company 

fT  -f  f  ®^P®"^®  would  be  in  the  instance  of  that  particular  company; 
to  satisfaction,  I  were  to  make  an  estimate  applicable 

10  tbe  case  of  any  water  company  in  London,  it  could  only  be  by 
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(.^rSro.  r.?^^"'"'  ^^°^^«ver,  would  be  so  speculati 

^     procedure,  that  I  have  not  thought  it  called  for  on  my  part  v 

indeed  very  anxious  to  furnish  the  engineers  of  the  waU  companies 
To  ^  ^"formation  in  my  power,  so  as  to  enable  each  company 
to  form  an  estimate  of  the  expense  by  its  own  engineer,  and  not  til 
nny  opmion  of  mine,  nor  of  any  engineer  employed  b;  me  •  but  tl^ 
engineer  of  only  one  of  the  companies  availed  himself  of  the  in vi tat  on 

bet  abirtn  TP'"^'  ^  ''''''  I  have  since 

been  able  to  gather  from  intercourse  with  engineers,  it  is  likely  that 
the  apparatus  necessary  for  working  out  my  process  on  the  large  scale, 
w  1  be  pretty  much  the  same  in  expense  as  apparatus  for  working 
out  the  process  of  filtration  on  a  like  scale.  After  the  application  of 
my  process  no  filtration  is  necessary.] 

60.  You  have  been  asked  with  regard  to  the  expense ;  have  you  any 
hesitation  yourself  m  stating,  though  you  do  not  give  a  precise  answeV 
as  to  the  amount,  that  your  processes  are  not  in  themselves  essentially 
expensive  i'— Certainly,  such  is  my  impression. 

61.  They  will  consist  essentially  in  effecting  the  solution  of  lime  in 
the  first  instance  ;  secondly,  in  the  proper  commixture  of  that  solution 
with  the  water  to  be  purified ;  and  thirdly,  in  affording  facility  of 
deposition  ?— Precisely  so.  Indeed,  I  find  it  impossible  to  think  of  my 
process  as  involving  the  consumers  in  additional  expense;  for  sup- 
posing my  anticipations  to  be  so  far  erroneous  that,  instead  of  costing 
Id.  per  head  of  population,  the  purification,  and  consequent  softening 
of  the  water,  should  cost  so  much  as  Ad.  a  head,  still  this  Ad.  of  outlay 
on  the  water-rent  would  be  compensated  to  the  consumer  by  a  saving 
of  only  three-quarters  of  a  pound,  that  is,  one-twentieth  of  the  soap 
required  for  the  consumption  of  each  person ;  and  the  saving,  arisincr 
from  the  softness  of  water,  in  the  wear  and  tear  of  linen,  in  the  quan- 
tity required  of  such  an  article  as  tea,  and  in  the  wear  and  tear  of 
boilers  of  all  kinds,  has  to  be  added  to  the  saving  in  soap. 

62.  When  you  refer  to  the  condition  of  the  water  in  London,  and 
particularly  to  that  quality  of  hardness,  are  you  to  be  understood  that 
your  process  consists  in  applying  the  amount  of  lime  which  is  neces- 
sary for  the  deposition  of  the  super- carbonate,  and  not  beyond  that?  

No  more,  and  no  less  ;  but  especially  no  more. 

63.  When  you  refer  to  the  quality  of  water,  and  speak  of  the 
hardness  of  water  in  different  districts  of  the  country,  have  you  also 
noticed  the  amount  of  organic  matter  in  water  from  wells  in  London, 
or  do  you  wish  that  those  observations  should  be  considered  as  applying 
principally,  if  not  entirely,  to  the  water  supplied  by  the  companies  ? — 
My  observations  were  mainly  directed  to  the  waters  supplied  by  the 
cornpanies,  because  they  M'ere  the  waters  I  was  best  acquainted  with. 
With  regard  to  well  waters  in  London,  except  a  few  here  and  there,  I 
have  been  very  little  acquainted  with  them.  Anybody  may  observe 
that  water  when  kept  in  a  bed-room,  or  a  sitting-room,  if  it  be  the  New 
River  water,  or  the  Thames  water,  has  a  tendency,  if  kept  a  few  days, 
to  vegetate,  and  cover  the  bottom  of  the  water-bottles  with  vegetation. 
Now,  I  have  not  observed  in  the  particular  spring  waters  that  I  have 
been  accustomed  to  drink  in  London  any  such  tendency.  Whether 
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I  am  not  prepax-ed  to  say.  _   

64.  In  referring  to  the  filtration  of  water,  you  mentioned  that  it  is 
only  the  mechanical  impurities  that  are  removed  by  filtration  ? — I  did 
so. 

65.  Do  you  mean  that  to  apply  to  a  filter  of  sand  or  to  filters 
generally  ? — To  artificial  filters,  such  as  are  generally  used.   I  would 
like  to  make  a  statement  in  reference  to  the  habits  of  water  in  regard 
to  a  point  that  I  think  is  not  generally  known,  but  that  came  once 
under  my  observation  very  strongly.    I  believe  that  filtration,  through 
a  great  depth  of  filtering  material,  such  as  occurs  in  the  operations  of 
nature,  does  take  away  colour.    I  believe  that,  from  what  I  have 
observed,  particularly  in  the  case  of  water  filtering  from  a  pond  on  the 
top  of  a  small  hill  so  as  to  escape  as  a  large  spring  near  the  bottom  j 
but  what  the  nature  of  the  discolouring  process  is  it  might  not  be  easy 
to  state,  and  perhaps  not  easy  to  conjecture.    But  the  quality  alluded 
to  as  belonging  to  water  must  be  kept  in  view  in  attempting  to  explain 
this  discolouration,  and  to  explain  changes  that  take  place  in  the  water 
of  rivers  and  lakes,  else  there  will  be  unfounded  prejudices  entertained  ; 
it  is  the  tendency  water  has  to  purify  itself  spontaneously  by  natural 
processes.    We  never  do  see  a  very  large  body  of  water  collected 
together,  except  in  a  pretty  clear  state  ;  there  is  a  natural  process,  a 
vegetating  one,  that  goes  on  very  readily,  freeing  the  water  from 
vegetable  matter  and  all  that  sort  of  matter  that  makes  water  what  we 
call  dirty.    If  you  look  to  a  stream  coming  from  a  dye-work,  you  may 
discover  in  it,  at  a  very  little  distance  from  the  dye-work,  a  vegetation 
that  takes  place  ;  if  it  be,  for  instance,  from  a  madder- work,  you  will 
find  a  reddish  vegetation.    The  vegetation  I  refer  to  is  very  easily 
distinguished  by  its  assuming  a  form  that  reminds  you  of  a  sooty 
brush.    When  you  lift  it  out  of  the  water  it  is  slimy.    You  can  see  it 
in  its  natural^  form  only  in  the  water.    Even  in  the  common  kennels 
in  the  streets,  if  they  be  kept  constantly  running,  and  be  not  frequently 
suf)plied  with  fresh  water,  you  will  find  such  vegetable  matter ;  this 
results  from  a  spontaneous  vegetation.    In  its  progress,  a  purification 
of  the  water  takes  place  universally.    A  remarkable  occurrence  took 
place  in  an  action  at  law,  where  it  was  alleged  that  a  certain  water  was 
destroyed  for  certain  purposes  by  a  dye-work.    Specimens  had  been 
taken  for  more  than  a  year.    Those  were  bottled  up,  and  sealed  and 
labelled,  and  the  individuals  that  collected  the  specimens  were  prepared 
to  swear  those  were  collected  fairly,  and  in  the  state  in  which  they 
were    preserved.     I  had  an  opportunity   of  examining   all  those 
specimens,  and  although  they  were  marked  "brown  water"  "red 
water,"  and  so_  forth,  I  found  all  of  those  waters  had  spontaneously 
c  eared.    Ihe  impure  colouring  matter  had  subsided,  not  as  small 
just  but  in  flakes  that  could  be  shaken  up,  and  that  floated  in  clots 
»uch  is  the  process  which  T  apprehend  may  account  for  how  very 
■^^\9Ja  '""r'f  ^.^^^  ^''^  '""'^  to  be  spontaneously 
nat,  v^i  fiu              ^              ^  ^''""'^^^  ''^^  th^t  ^^'l^ich  occurs  in  a 
nar^iai  filter  where  the  water  passes  a  certain  distance  ;  and  probably 

LL    \       u  ^"^^^  ^^'^  colouring  matter;  but  that  I  do  not 

Know.    1  might  perhaps  also  mention,  that  any  process  which  throws 
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T7L  ^^^^"^  matter  down  from  solution,  sends  down  also  diffused  dirty  matter ; 
•  for  instance,  any  gentleman  in  London,  who  has  boiled  water  brought 
to  him  to  sha,vc  with,  may  occasionally  see  a  powder  settled  at  the 
bottom:  this  is  chalk;  but  it  is  not  white,  for  all  the  colouring  has 
gone  down  with  it.  So  likewise,  in  my  process  of  precipitating  chalk 
by  lime-water,  what  falls  is  not  white ;  it  is  coloured  differently  from 
pure  chalk.  The  purified  water,  too,  is  less  coloured  than  the 
original  water,  because  the  colouring  matter  has  fallen  down  with  ths 
chalk. 

66.  Though  it  may  have  been  previously  in  solution  ? — Yes. 

67.  In  reference  to  the  process  by  which  you  purify  water,  it  essen- 
tially depends  upon  the  deposition  of  the  carbonate  of  lime.  Have 
you  had  any  opportunity  of  forming  an  opinion  as  to  the  time  that 
may  be  required  for  such  deposition  in  works  on  a  large  scale,  and  also 
in  respect  of  the  probable  influence  of  such  deposition  upon  the 
materials  used  for  filtration,  and  whether  you  can  effect  that  deposition 
so  as  to  be  secured  against  any  tendency  to  increase  the  crust  that 
might  appear  in  the  pipes  in  some  cases? — With  regard  to  the  time 
necessary,  I  have  employed,  as  the  best  means  of  observation,  large 
glass  vessels,  because  there  I  could  best  see  what  takes  place.  Ulti- 
mately I  came  to  use  vessels  of  the  size  of  seven  gallons.  It  was  in 
such  vessels  I  practised  the  process  here,  when  I  invited  the  inspection 
of  the  water  companies.  When  this  process  is  applied,  there  is  this 
peculiarity,  that  the  more  the  process  has  to  do,  the  quicker  it  does  it, 
and  the  more  decisively.  For  instance,  a  water  of  16°  of  hardness  will 
deposit  faster  than  one  of  12°  ;  a  water  of  12°  of  hardness  will  deposit 
faster  than  one  of  8°  ;  and  water  of  12°,  according  to  my  observation, 
may  be  reasonably  expected  to  clear  in  24  hours.  Indeed,  my  impres- 
sion is,  that  such  water  generally  clears  in  16  hours  after  mixture  with 
lime-water.  With  regard  to  a  water  of  10°,  I  should  expect,  though  I 
have  no  experience,  that  the  deposition  would  be  still  less  rapid.  As 
you  get  below  the  hardness  of  8°,  I  should  expect  the  process  would 
be  so  slow  that  it  \vould  become  a  question  whether  the  application  of 
the  process  was- expedient ;  and  the  only  rule  I  was  able  to  give  in  the 
specification  was,  that  every  particular  water  should  be  treated,  in  a 
suitable  proportion,  with  lime-water,  and  the  time  of  its  precipitation 
observed,  so  as  to  afford  an  opportunity  of  witnessing  the  habit  of  the 
water  when  under  the  operation  of  this  process,  before  coming  to  the 
resolution  of  adopting  it.  The  precipitation  of  the  chalk  formed, 
along  with  the  mechanical  impurities,  is  so  very  effectual  under  this 
process,  that  no  filtration  would  be  needed.  With  regard  to  the  pipes, 
if  a  reasonable  time  were  permitted  for  deposition  in  reservoirs, 
certainly  I  should  not  be  prepared  to  expect  any  incrustation  in  ,the 
pipes.  With  regard  to  incrustation,  I  may  also  state,  that  the  water 
which  has  undergone  this  process  affords  no  visible  deposit  on  boiling, 
although  the  unpurified  water  does  so  extensively. 

68.  Are  you  aware  whether  the  insects  you  refer  to  are  destroyed 
by  lime  in  the  quantity  employed  in  your  process  ?— Undoubtedly 
lime  does  destroy  the  insects ;  so  much  was  it  my  impression  that  they 
were  all  destroyed,  that  I  stated  so  broadly  in  my  pamphlet ;  but  I 
afterwarda  occasionally  observed  one  or  two  to  escape  in  some  experi- 
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ments,  and  I  suppose,  also,  that  some  of  the  insects  are  of  a  more  hardy  J^ofeMor 
kind  than  others,  and  so  escape.    My  impression  for  a  long  time  was  "-!::_•• 
that  every  one  of  these  creatures  was  destroyed. 

69.  Have  you  ever,  in  examining  the  matter  precipitated  during  the 
process,  found  reason  to  believe,  from  actual  experiment,  that  there  is 
oro-anic'  matter  thrown  down  along  with  the  material  so  deposited  ? — 
The  evidence  for  believing  that  the  process  removes  colouring  vege- 
table matter  consists  in  the  appearance  that  we  get.  For  instance,  if 
the  water  be  brownish,  we  get  the  chalk  brownish;  whereas,  if  we  use 
the  very  same  lirne-water,  and  precipitate  chalk  from  it  by  any  fitting 
ao^ent  dissolved  in  distilled  water,  we  get  it  pure  white  ;  besides  this, 
the  water  floating  above  the  coloured  chalk  precipitated  in  purifying 
a  London  water  is  freer  from  %  portion  of  colouring  and  organic 
matter  than  the  original  water  compared  with  it  side  by  side,  for  such 
matter  has  gone  to  the  bottom  in  the  chalk.  But  I  have  also  dissolved 
the  precipitate  formed  in  the  purifying  process  by  means  of  very  dilute 
muriatic  acid,  and  have  in  this  manner  seen  left  the  remains  of  insects 
that  had  been  killed  by  the  process  and  buried  in  the  precipitate. 

70.  What  qualities  injurious  to  any  special  use  are  imparted  to  water 
by  the  different  geological  characters  of  the  countries  from  whence  it 
arises,  or  over  which  it  flows  ? — The  connexion  between  the  qualities 
ef  a  water  and  the  character  of  its  geological  source,  is  a  question  of 
very  great  interest,  and  which  I  much  hope  may  be  answered  very 
soon.  I  believe  that  it  will  be  found,  that  out  of  every  specific  kind 
of  rock  will  come  either  exactly  the  same  quality  of  spring-water,  or 
within  a  very  small  range  the  same ;  so  that  you  will  be  able  to 
predicate  from  the  rock  what  kind  of  water  you  will  get ;  and  I  think 
it  will  be  possible  very  soon  to  predicate  from  the  water  what  kind  of 
rock  it  comes  from,  and  in  a  given  district,  to  know  the  part  of  the 
country  from  which  any  specimen  of  water  may  have  been  taken. 
Last  winter  I  was  on  the  eve  of  commencing  a  series  of  experiments 
on  that  very  point,  selecting  for  examination  only  spring-waters 
coming  directly  from  known  rocks,  when  illness  interfered  and  put  a 
stop  to  my  researches.  The  question  is,  however,  of  the  highest 
importance  practically.  The  facilities  for  making  researches  on  the 
qualities  of  waters,  so  far  as  connected  with  the  geological  character 
of  the  district,  are  great,  by  means  of  the  new  processes  I  alluded  to 
for  examining  water.  By  those  processes,  an  ordinary  water  may  now 
be  examined  with  great  accuracy  and  great  facility.  You  can,  in  the 
course  of  a  day,  examine  as  many  waters  asxwouldhave  taken  weeks 
before.  Although  not  at  present  prepared  to  answer  this  question 
particularly,  I  am  entitled  to  say  in  general  that  there  is  a  very  close 
connexion  between  the  qualities  of  water  and  the  geological  character 
of  its  locality;  and  ever  since  it  has  become  possible  to  examine  the 
useful  qualities  of  water  so  easily,  I  have  had  an  anxious  desire  to  see 
the  examination  of  waters  embraced  as  part  of  the  operations  of  the 
national  geological  survey. 

'''l.  Will  you  state  the  different  effect  produced  on  water  by  the  con- 
veyance of  it  through  lead  or  through  iron  pipes  ?— Through  iron 
pipes  I  think,  there  is  no  apprehension  of  risk  to  be  entertained,  except 
sirapiy  from  the  corrosion  of  the  pipes,,  and. the  ill  colour  that  would  be 
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iM^Ti!!) '  ^"^P^'"*^^^^  \vaQXi  washed  with  it.  With  respect  to  lead  pipes,  I  would 
-Ll"  '  say  that  the  less  lead  is  used  the  better  in  all  cases ;  because,  inde- 
pendent of  carbonic  acid,  lead  is  very  susceptible  of  being  oxidized  on 
the  surface,  and  carried  off  rapidly,  so  that  the  powder  of  oxidated  lead 
is  apt  to  be  conveyed  into  pipes  along  with  the  water.  In  general,  the 
less  lead  is  used  the  better ;  but  it  may  be  used  for  conveying  water 
from  the  main  iron  pipes  in  the  streets  to  the  houses,  provided  the 
water  be  on  the  system  of  constant  supply.  The  precaution,  however, 
will  be  necessary  to  let  the  water  run  for  five  or  ten  minutes  if  the 
pipes  have  been  for  any  considerable  time  out  of  use. 

72.  What  is  likely  to  be  the  effect  of  the  oxidation  of  metal  pipes  on 
the  health  of  the  population  where  the  mode  of  supply  is  one  by  which 
the  pipes  are  alternately  full  and  empty? — There  is  risk  of  a  greater 
action  on  the  pipes  when  they  are  alternately  full  and  empty,  than  when 
constantly  full,  in  consequence  of  the  greater  exposure  to  the  action  of 
air,  which  is  essential  almost  to  chemical  action  on  the  pipes.  Perhaps 
I  may  be  allowed  to  add,  with  reference  to  the  action  of  Avater  upon 
lead,  that  I  tried  very  carefully,  in  University  College  here,  the  action 
of  the  New  River  water  in  its  natural  state,  and  of  the  same  when 
purified  by  ray  process,  against  distilled  water ;  and  I  found  that  while 
the  distilled  water  acted  very  readily,  that  purified  by  my  process  did 
not  act  perceptibly;  neither  did  the  unpurified  water.    (See  Q.  18.) 

13.  Have  you  at  any  time  found  the  organic  impurities  of  London 
water  in  so  large  a  quantity  as  to  be  evident  to  the  senses  of  smell  or 
taste? — I  have;  one  instance  occurs  in  the  note-book  before  me, 
"  10  September,  1841;  West  Middlesex  water,  obtained  from  Percy- 
street,  Tottenham  Court-road,  smelled  like  bilge-water;"  I  remember 
inquiring,  and  I  believe  that  the  offensive  smell  is  apt  to  be  much 
aggravated  by  the  state  of  the  intermediate  cisterns  that  are  attached  to 
the  houses. 

14.  In  those  cases  where  it  is  not  so  evident,  you  were  understood  to 
say  that  you  considered  the  presence  of  animalcules  as  a  sign  of  the 
water  likewise  containing  small  quantities  of  animal  or  vegetable 
matter  in  a  state  of  change  ? — I  cannot  speak  ^t  all  as  a  naturalist ;  I 
mio-ht  speak  perhaps  erroneously;  but  I  meant  merely  to  make  this 
obs^ervation :  I  have  seen  the  two  so  constantly  accompanying  each 
other,  the  water  insects  and  vegetating  matter,  that  1  have  accounted 
them  companion  circumstances. 

75.  Are  the  animalcules  of  which  you  speak  those  visible  to  the 
naked  eye,  or  those  which  you  discovered  by  a  microscope  ?— I  speak 
only  of  such  as  I  have  observed  by  the  naked  eye  ;  but  it  is  wonderful 
how  the  naked  eye  improves  in  its  power  of  observation  by  some  prac- 
tice in  watching  those  animalcules.  In  a  globular  glass  vessel  of 
crystal,  or  in  a  basin  of  pure  white,  they  are  very  easily  discerned. 
'  76.  Have  you  found  any  water  supplied  to  the  metropolis  more 
especially  characterised  by  those  animalcules  than  other?— I  found  the 
animalcules  to  abound  in  the  waters  of  all  the  companies.  I  have 
lately  examined  a  specimen  of  water  from  a  cistern  in  the  house  of  a 
friend  in  London,  who  was  of  opinion  that  the  water  was  of  late  some- 
what harder  tlian  usual,  and  it  was  only  to  try  the  hardness  that  I 
obtained  the  specimen     The  hardness  proved  to  be  14^,  which  is 
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guish  in  sun  light  by  the  naJced  eye.  Jbor  this  purpose  1  divide 
specimen,  which  consisted  of  a  quarter  of  a  pint,  into  three  parts.  The 
monoculi  are  easily  distinguishable  by  their  darting  motions.  I  found 
in  the  quarter  of  a  pint  14  or  15,  I  was  not  sure  which.  This  comes 
to  between  56  and  60  a  pint,  and  450  and  480  a  gallon.  But  the  real 
number  of  creatures  visible  to  the  naked  eye  was  of  course  more  than 
this.  As  to  the  smaller  creatures,  visible  only  by  the  microscope,  I 
made  no  observations.  The  servant  had  no  instruction  in  taking  the 
specimen,  but  only  to  rinse  the  bottle  well  with  the  water  before  filling 
the  bottle,  and  that  he  was  to  take  the  water  from  the  pipe,  and  not  the 
filtered  water  that  was  used  in  the  house.  The  specimen  did  not  strike 
an  eye  accustomed  to  the  London  waters  as  at  all  unusual. 

77.  Do  you  account  this  common? — I  have  never  found  them  in  the 
Scotch  waters  that  I  had  been  accustomed  to  in  towns,  nor  indeed  had 
I  ever  observed  them  at  all  in  any  town's  water,  till  I  examined  London 
water. 

78.  Do  you  think  the  poor  inhabitants  of  London  are  prevented  from 
drinking  the  water  supplied  to  them  from  finding  objectionable  matter 
in  it  ? — Certainly. 

79.  Your  experience  being,  that  these  classes  of  impurities  are,  if 
not  quite  exclusively,  very  peculiarly  characteristic  of  the  water  sup- 
plied to  London,  should  you  not  be  of  opinion  that  they  might  be 
accounted  for  by  the  quantity  of  decaying  animal  and  vegetable  sub- 
stances carried  into  the  Thames  by  the  sewers Not  so  ;  for  I  find 
these  creatures  to  abound  in  the  New  River  and  in  the  waters  of  the 
West  Middlesex  and  Grand  Junction  Companies,  although  these  are 
taken  from  the  river  much  above  any  part  affected  by  the  sewacre  of 
London.  •'  o 

80.  Whatever  would  diminish  the  quantity  of  decaying  organic 
matter  carried  into  the  water,  would  be  likely  to  diminish  the  quantity 
01  these  animalcules  which  are  to  be  found  ?— Certainly ;  and  such  a 
diminution,  it  appeared  to  me,  would  be  one  of  the  effects  produced  bv 
my  process.  ^ 

81.  Are  you  to  be  understood  that  you  have  been  in  communication 
with  some  of  the  water  companies  in  London  respecting  the  introduc- 

I'^r  P^^"  •  7"^'^^  companies  without  exception 

l)id  you  submit  to  them  any  specific  arrangement  by  which  it 
was  to  be  carried  out?-No;  that  was  not  the  natu?e  of  my  communi- 
cation. 1  sent  a  circular  to  them,  enclosing  some  copies  of  my  pam- 
phlet, explanatory  of  the  process,  stating  to  each  company  that  I  should 

opponuntv  f''^  ^^""^^ ^ith  it  an 

ITTZ  l  "^^^'^"^^^"Ig  "^^  process,  and  of  each  satisfying  him- 
commnv      1  .thereby  produced  in  the  water  supplied  by  the 

suSn'enlr'   ''""V^''  ^  an  hour  might 

waTer  /"^  gent  eman  to  appreciate  the  improvements  in  the 

with  0?},?  "      ^"^^  co^ipanies ;  another  was  too  much  engaged 

S\hevfeirfT'  -3^P--^«i"to  consideration;  bufthey 

xnendTet  trf^hlrT'  '^'^  ^^^^  as  to  recom"^ 

^  a  me  to  try  whether  brewers,  dyers,  and  other  large  consumers  in 
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their  district  would  give  it  a  trial.    A  fourth  company  thanked  me  for 
my  *'  polite  attention,"  and  promised  to  read  my  pamphlet.    I  waited 
a  month  in  expectation  of  learning  the  result  of  the  promised  perusal, 
but  not  hearing  from  them,  I  again  wrote  to  the  secretary,  and  received 
from  him  the  following  answer : — "  At  a  meeting  of  our  Board  of 
Directors  to-day  I  read  your  letter,  dated  5th  instant,  to  the  gentlemen 
present."    This  was  the  whole  of  their  answer.   I  heard  from  them  no 
more.    Then  there  was  another  company  who  promptly  informed  me, 
that  having  reached  perfection,  the  sending  my  pamphlet  to  them  was 
quite  needless.    As  to  the  West  Middlesex  Company  the  secretary  was 
very  polite  to  me,  and  immediately  came  to  look  at  my  experiments, 
and  expressed  himself  quite  satisfied  with  the  accuracy  of  the  statements 
in  my  pamphlet.    The  directors  for  a  long  time  declined  to  be  wit- 
nesses of  my  operations,  because  they  conceived  that  their  water  had 
been  "  bright,  pure,  and  salubrious "  for  two  years.    After  some 
weeks  however,  one  or  two  of  the  directors  did  venture  to  look  at  my 
operations,  but  thereafter  I  heard  from  them  no  more.    The  Grand 
Junction  Water  Company,  by  their  secretary  and  engmeer,  mspected 
the  process  with  a  consideration  that  was  very  gratifying  to  nie ;  but 
neither  from  them  have  I  heard  anything  for  near  two  years.  The  ISew 
River  Company,  without  having  sent  anybody  to  see  the  process,  gave 
an  opinion  that  the  process  could  not  be  worked  on  a  large  scale,  or 
would  be  much  more  easily  and  economically  applied  by  consumers  on 
the  small  scale,  more  especially  as  the  proposed  purification  would  not 
be  required,  except  for  a  very  small  portion  of  the  water. 

83  Have  you  not  heard  from  some  engineers  of  a  water-work  that 
there  would  be  some  mechanical  difficulty  in  carrying  out  your  plan  on 
a  laree  scale  ?— I  have  heard  no  such  objection  from  any  engmeer  ot  a 
water-work.    Among  such  engineers  connected  with  London,  1  have 
had  business  intercourse  only  with  one  gentleman,  the  engmeer  ot  the 
Grand  Junction  Water  Company.    He  examined  the  process  on  the 
small  scale,  and  conversed  with  me  on  the  subject,  with  all  the  mtelli- 
ffence  that  might  be  expected  from  a  well-informed  man  m  his  profes- 
Son  but  I  do  not  remember  any  such  difficulty  bemg  suggested  by  him. 
With  one  other  engineer,  that  of  the  Chelsea  Company,  I  had  an  acci- 
dental meeting  in  fhe  country  last  summer,  and  had  an  opportunity  of 
conversTng  with  him  on  the  subject;  and  I  remember  one  remark  he 
mTde  wasf  that  when  orders  were  given  by  the  directors  for  the  appli- 
cation of  such  a  process,  he  had  no  doubt  that  the  means  would  be 

Was  there  no  objection  made  to  the  quality  of  the  purified 
wate^V-One  objection  v^as  made,  on  the  suggestion,  I  l^^derstood  of 
Tr^ed-ical  author'  of  some  name.  It  was.that  the  depnving  the  ^^te 
we  drink  of  its  chalk,  might  prove  injurious  to  ^^^eJ>o"e^^^^^^ 
bitants  The  idea  was  founded  on  this  consideration,  theie  is  lime  in 
chalk  and  there  is  lime  in  bones  :  if  you  deprive  the  water  we  drink  of 
one  thing  that  contains  lime,  you  must  also  deprive  our  bones  of  another 

%\^"olfn:rSlytooffe^      that  objection  ?-Although  much 
conc^rnedVdiscover  that  the  state  of  medical  science  m  London  could 
such  a  suggestion  being  made,  and  although  much  amused  at 
S  e  e  rnes  conviction  with  which  the  objection  was  repeated,  yet  I  cer- 
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tainly  did  not  think  a  scientific  answer  called  for ;  but  I  did  suggest  Professor' 
that  the  purifying  process  might  still  leave  as  much  lime  as  was  required  ^lark^.D. 
for  the  bones,  since  in  the  town  of  my  residence,  there  had  been  long 
water  in  general  use  containing  much  less  lime  than  the  purified  water 
would  contain,  and  yet  the  inhabitants  were  among  the  largest  boned 
of  the  Queen's  subjects. 

86.  Has  any  plan  occurred  to  you  on  a  large  scale  for  the  purpose  of 
mixing  lime-water  in  an  extensive  reservoir  ? — Certainly. 

87.  Will  you  explain  it?— The  method  I  think  the  most  obvious' 
would  be,  first,  to  determine,  by  the  rules  given  in  my  specification, 
the  proportion  of  lime-water  necessary.    Suppose  the  proportion  to  be 
1  of  lime-water  to  14  of  unpurified  water.   I  take  for  granted  there  are 
a  great  variety  of  means,  and  of  known  rules,  whereby  an  engineer  can 
apportion  and  mix  lime-water  and  unpurified  water  in  the  proportion 
of  1  measure  to  14  measures.    It  would  be  presumption  for  me  to 
suggest  to  any  engineer  the  best  method  to  select ;  but  one  obvious, 
expedient  that  would  occur  to  me  would  be,  supposing  by  any  process- 
you  could  have  one  pipe  issuing  with  lime-water  and  one  or  more  pipes 
issuing  with  water  to  be  purified  14  times  as  much,  so  as  to  mix  the 
waters  together;  let  the  mixture  run  to  and  fro  in  a  swift  stream  in  a 
narrow  channel  in  the  usual  method  of  mixing  water  in  Lancashire  ; 
let  the  stream  at  last  come  into  a  reservoir.    After  such  a  plan  as  this' 
water  should  be  introduced,  after  mixture,  into  reservoirs,  and  therein 
left  to  clear  by  subsidence  ;  and  my  idea  of  the  proper  working  of  the 
purifymg  process  on  a  large  scale  would  be,  that  there  should  be  a 
constant  issumg  in  of  the  mixture  at  the  one  end  'of  a  large  reser- 
voir, and  a  constant  flowing  out  of  the  clear  purified  water  at  the 
other. 

88.  You  ar(  aware  that  there  have  been  Committees  of  the  House  of, 
Commons  on  the  subject  of  the  supply  of  water  to  the  metropolis  I 
nave  read  all  the  Reports. 

1  f^^AT^^rl^  ^"  ^^^^^  '^^  was  proposed  by  the 

late  Mr.  lelford  to  furnish  an  increased  supply  of  water?— Yes 

90.  He  proposed  to  take  it  from  Hertfordshire  on  one  side  and 
burrey  on  the  other ;  what  opinion  have  you  formed  as  to  the  modes 
suggested  ?— My  real  impression,  from  a  consideration  of  the  whole 
tw'l  °^,7^ter  in  connexion  with  London,  is  that  the  source  of  supply, 
that  should  not  be  depat-ted  from  is  the  Thames,  it  is  so  very  copious, 
t  W  regard  to  the  supply  of  water  to  London  from  a  disiance, 

nsr.r'T'?'"^,^'''"*^'  ^^^^  would  like  to  know  beforehand;  fo^ 
ef        '•  '°™^w^t«^     the  neighbourhood  of  Watford,  in  one 

On  1",7''  """"'f  ^^^^^^  '^^^  the  wat^r  here! 

waterT  f^  .  r'^'^'u  *°  ^"^"^  ^  ^'^^^^  "^^""^  ^^°^t  the  hardness  of  all  the 
Xthe   S  P'°P°^^^  h^-^^ght  to  London,  and  to  know 

^  from  th.  not  be  a  tendency  to  vegetation 'in  conveying 

"^^crvettaul-  .  w  "  T'""  ^^'?^^'fy  to  say  there  would  be'as 
like  to  le  fZ  ,P  !  """^         f  'I'  "^''''^  '  but  I  should 

tation  anrl  ITl  ^'""T      ^^^^  there  would  be  as  much  veae- 

tion  and  as  many  insects  as  from  those  waters. 
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•ofcssor^     91,  On  the  whole,  from  your  consideration  of  the  subject,  you  think. 

JJ.  '  'the  Thames  would  probably  be  the  source  from  which  to  derive  the 
additional  supply  to  the  metropolis  ?— For  this  reason,  as  well  as  others, 
that  where  there  is  such  a  river  there  is  an  inexhaustible  supply;  and 
there  are  so  many  instpces  where,  having  started  with  a  limited  supply, 
the  inhabitants  have  experienced  considerable  inconvenience  from  a 
deficiency,  that  I  do  not  think  it  would  be  desirable  to  look  for  a  supply 
from  any  source  but  a  large  river.  I  have  recently  examined  a  speci- 
men of  spring- water  from  the  neighbourhood  of  Watford,  with  which 
it  has  been  proposed  to  supply  a  part  of  the  metropolis.  I  found  this 
water  about  IT  of  hardness.  By  the  lime  process  it  was  reduced  to  3^. 
It  seems  a  very  wholesome  and  pleasant-tasted  water,  and  is  remarkably 
free  from  organic  matter.  I  found  it  to  contain  a  trace  of  nitrates, 
which  I  hold  to  be  a  very  strong  presumption,  that  whatever  portion  of 
organic  matter  it  may  have  originally  held,  that  matter  has  undergone 
a  complete  change.  I  could  not  find  in  it  any  trace  of  ammonia, 
•which  occurs  very  frequently,  or  at  least  may  easily  be  produced,  in 
-the  organic  matter  of  drainage  water.  Of  course  I  can  give  no  opi- 
nion whatever  as  to  the  quantity  of  such  water  that  may  be  obtained, 
nor  of  the  engineering  advantages  or  disadvantages  that  might  be 
peculiar  to  this  source  of  supply  ;  but  I  think  very  favourably  of  the 
quality,  which  may  be  compared  to  the  springs  that  supply  the 
Thames. 

92.  You  contemplate  the  alteration  of  the  Thames  water  by  the 
process  you  refer  to,  not  by  taking  it  at  a  higher  source  ? — Applying 
the  process,  you  get  the  Thames  and  the  New  River,  and  probably 
most  other  rivers  within  reach  of  London,  so  slightly  different  when 
they  are  purified,  that  it  is  as  well  to  take  what  you  have  in  abundance 
and  at  hand. 

93.  If  that  be  the  case,  and  by  the  application  of  the  process  you 
speak  of  they  are  brought  to  the  same  degree  of  improvement,  would  it 
not  be  best  to  take  that  water  which  can  be  procured  the  cheapest  ? — 
Certainly. 

94.  Are  you  to  be  understood  that,  notwithstanding  your  process,  a 
considerable  quantity  of  animal  and  vegetable  matter  would  still  remain 
in  solution  ? — Not  a  considerable  quantity ;  the  greatest  part  goes  down, 
and  goes  down  manifestly  too,  immediately. 

95.  To  that  portion  which  would  remain,  you  would  not  attach  much 
importance  in  reference  to  the  public  health  ? — Not  much.  Still,  if  it 
were  possible  to  remove  what  little  remains  by  any  easy  and  cheap  pro- 
cess I  knew  of,  I  would  propose  its  removal. 

96.  Have  you  any  farther  suggestion  to  offer  relating  to  water? — 
There  is  one  point  I  will  take  the  liberty  of  suggesting  to  the  Commis- 
sioners, and  it  is  this,  I  think  it  would  be  of  prodigious  public  service 
if  an  examination  were  made  by  some  gentleman  in  the  Commission  of 
the  pipe  waters,  and  the  favourite  wells  in  use  in  the  principal  towns  in 
England.  It  is  now  so  very  easy  to  come  into  communication  with 
persons  having  projects  for  bringing  water  into  towns,  that  I  am  aware 
from  experience,  how  important  it  is  to  possess  a  general  knowledge  of 
the  qualities  of  water  such  as  is  usually  elsewhere  supplied,  as  well 
as  the  qualities  of  the  water  that  is  the  subject  of  the  project,  and  of 
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other  accessible  waters  in  the  immediate  vicinity.  Formerly,  that  would 
have  occasioned  an  enormous  expense ;  but  now,  the  hardness  can  be  " 
taken  in  less  than  an  hour ;  the  alkalinity  would  not  take  more  than  two 
hours  in  any  case,  and  I  am  quite  sure  that  a  general  examination  of  the 
principal  waters  in  use  in  the  towns  of  England  would  be  of  great  value 
to  the  public.  I  am  quite  sure  it  would  be  an  important  undertaking 
on  behalf  of  the  public.  As  a  motive  for  the  undertaking,  I  may 
mention  the  degree  of  accuracy  that  can  be  attained  in  the  process  of 
ascertaining  the  total  earthy  matter  present  in  any  water  in  so  short  a 
time.  I  have  frequently  taken  the  hardness  of  London  waters  at  the 
University  College.  Supposing  the  hardness  of  the  water  were  14'^, 
we  operate  in  this  process  not  on  a  whole  gallon,  but  only  on  the  "7 0th 
part  of  a  gallon,  containing  j-f  ths,  or  of  a  grain.  In  repeating  this 
experiment,  we  can  come  to  within  -i-V^li  I  *o  ^'^^  experi- 

ment be  performed  with  ordinary  care,  the  highest  result  will  not  be 
more  than  MyL-ths,  nor  the  lowest  lower  than  IS^Vths.  Thus,  you  may 
repeat  the  experiment  so  as  to  ascertain  within  the  140th  part  of  the 
-i-th  of  a  grain ;  that  is,  the  700th  part  of  a  grain.  In  regard  to  com- 
parative results  in  quantity,  there  is  this  other  reason :  a  great  many 
analyses  were  formerly  made  of  the  Thames  water  and  other  waters  in 
the  neighbourhood  of  London.  Some  of  the  Commissioners  will  be 
able  to  appreciate  this  consideration.  Different  methods  have  been 
employed  by  different  chemists.  I  am  quite  sure  that  any  competent 
scientific  chemist,  taking  all  the  analyses  together,  will  find  that  the 
results  are  valuable  only  in  such  analyses,  or  chiefly  in  such  analyses, 
as  have  been  performed  by  the  same  chemist.  You  cannot  compare 
the  result  of  the  analysis  by  A.  B.  of  one  water,  with  the  result  of  the 
analysis  by  C.  D.  of  another  water ;  although  you  may  safely  compare 
with  each  o.,her  the  analyses  of  two  waters  by  A.  B.,  or  of  two  by 
C.  D.  But  the  new  processes  for  the  testing  of  waters  start  from 
solutions  so  easy  to  be  made,  and  the  operations  are  so  easy  and  simple, 
that  you  may  look  with  confidence  to  uniform  results,  by  whosesoever 
hands  performed.  The  results  will  thus  always  afford  an  easy  and 
accurate  means  of  comparing  different  waters  with  each  other  or  of 
comparing  the  same  water  with  itself  at  different  seasons. 


[T7te  Witness  gave  in  the  following  note  in  writing  as  an  addition  to 

his  Evidence.l 

Living  in  a  town  with  a  population  of  nearly  70,000  inhabitants, 
where  the  water  is  supplied,  not  by  a  joint  stock  company,  but  by  the 
Commissioners  of  Police,  who  are  elected  by  the  rate-payers,  it  has 
often  occurred  to  me  to  question  the  policy  of  allowino-  water  to  be 
^pplied  to  a  town  by  a  joint-stock  company  in  any  case  whatsoever. 
The  extensive  pipes  laid  throughout  all  the  streets,  and  branching  to 
most  of  the  houses,  cannot  conveniently,  nor  without  a  great  sacrTfice 
of  expense,  be  laid  in  a  second  set,  much  less  in  a  third ;  therefore 
competition,  such  as  occurs  in  the  supply  of  bread  and  meat,  or  of  like 
articles  of  demand,  is  out  of  the  question  in  regard  to  the  supply  of 
water  on  a  large  scale.  The  establishing  of  a  joint-stock  company  for 
tne  supply  of  a  town  with  water,  is  the  establishing  a  monopoly  of 
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rklwLD.  l^rading  persons,  having  the  power,  without  responsibility,  of  taxing  the 
~ '  inhabitants  for  their  own  benefit.  The  practical  check  on  any  crying 
excess  in  their  charge,  and  on  their  heedlessness  about  supplying  water 
•of  a  proper  quality,  lies  mainly  in  the  apprehension  of  a  second  com- 
pany being  established ;  but  since  no  new  works  can  be  established 
without  an  Act  of  Parliament,  and  without  risk  of  competition  with 
the  old  company,  such  as  almost  always  proves  ruinous  to  both  ;  and 
since,  in  order  to  establish  the  new  company,  an  agitation  in  the  com- 
munity has  to  take  place,  the  check  is  not  of  a  desirable  kind  ;  neither 
is  it  effectual  in  the  generality  of  cases.  There  is  no  town  that  I  know 
.  supplied  with  so  good  water  as  Aberdeen,  or  having  the  supply  managed 
in  a  more  satisfactory  manner.  The  gas-works  there  are  the  property 
of  a  joint-stock  company,  and  although  there  is  as  little  reason  to  com- 
plain of  that  company  as  there  can  be  of  any  joint-stock  company 
situated  in  like  circumstances,  still  there  is  a  strong  feeling  of  regret 
among  my  townsmen,  that  the  free  revenue  derived  from  the  gas 
should  go  to  the  pockets  of  trading  monopolists  rather  than  to  the 
revenue  of  the  town,  and  that  the  gas  is  not,  like  the  water,  under  the 
direction  of  the  Police  Commissioners. 

T.  C. 


John  Tliomas  Cooper,  Esq.,  examined. 

Cooper.         With  your  practice  you  have  examined  a  great  number  of  dif- 
ferent waters? — I  have  during  the  last  25  or  30  years  been  actively 

■engaged  in  the  examination  and  analysis  of  water  of  various  kinds  and 
qualities  ;  ihat  is  to  say,  of  vehat  are  termed  mineral  waters,  such  as 
are  used  for  medical  purpose.':,  of  ordinary  spring,  river,  and  pond 

,  waters,  as  regards  their  fitness  for  employment  and  use  by  manufac- 
turers; and  very  frequently,  indeed,  by  individuals  residing  in  the 
country,  about  to  supply  their  mansions  or  dwellings  with  water  for 
domestic  purposes.  In  the  latter  case  I  have  frequently  had  three, 
four,  or  more  specimens  sent  me,  to  report  upon  and  to  recommend 
that  which,  in  my  opinion,  has  appeared  to  me  the  best,  under  all  the 
circumstances  of  the  case,  to  be  adopted  for  use. 

2.  You  have  analyzed  the  water  of  the  Thames? — I  have  repeatedly 
analyzed  the  water  of  the  Thames,  taken  at  several  places  and  at  various 
seasons,  the  highest  point  being  at  Windsor;  the  lowest,  tli«  entrance 

.  to  the  Surrey  Canal. 

!.  3.  What  is  the  general  character  of  your  analysis? — The  results  of 
.my  examinations  and  analysis,  as  regards  the  contamination  (if  it  may 

be  so  termed)  of  the  Thames  water  with  mineral  matter,  from  whatever 
^ point  it  was  taken,  does  not  materially  differ;  that  is  to  say,  about  20 
.grains  (sometimes  a  grain  or  two  more  or  less)  of  solid  mineral  matter 
.1  have  obtained  from  a  gallon  of  it  by  careful  evaporation  to  dryness  ; 

and  it  seems  to  me,  from  Ion;;  experience  in  the  use  of  this  water,  thai 
•  the  sulphate  of  lime  which  it  invariably  contains,  is  the  mineral  ingre- 
•dient  that  varies  the  most  in  quantity;  being  in  some  cases  as  low  as 
•about  one  grain,  in  others  as  high  as  nearly  three  grains  in  a  gallon. 
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u  lo  to  ihiR  impregnation,  and  to  the  carbonate  of  lime,  which  is  always  Mr.Cooi,..T. 
nreLnt  In  it,  to  the  amount  of  about  16  or  11  grains  in  a  gallon,  that 
hardness  as  it  is  termed,  is  to  be  attributed  :  that  these  calcareous 
rnLers  are  variable,  every  one  who  has  used  the  Thames  water  for 
Xution  must  have  had  ample  experience.  Three  substances  constitute 
the  nrinciple  of  the  mineral  impregnations ;  there  is,  however,  beside 
these  a  small  quantity  of  common  salt;  a  still  smaller  amount  of  a 
roa^'-nesian  salt;  some  silica,  and  occasionally  oxid  iron  in  very  mmute 
nua^itiiies,  with  variable  quantities  of  organic  matter. 

4.  Is  not  the  quality  of  the  water  a  good  deal  affected  by  the  nature 
of  the  atmosphere  to  which  it  is  exposed  ? 

5.  Have  you  any  doubt  that  water  exposed  to  an  impure  atmosphere 
is  capable  of  absorbing  its  impurities  and  this  becoming  noxious. 

Ans.  4  and  5.  I  can  have  no  doubt  whatever  that  from  the  known 
tendency  of  water  to  imbibe  odours  and  taints  of  any  kind  from 
exposure  to  their  influence,  but  that  water  subjected  to  the  impure 
atmosphere  of  any  crowded  situation,  rendered  more  impure  Irom 
deficient  ventilation,  that  it  will  become  in  proportion  to  the  surface 
exposed,  and  the  length  of  time  of  exposure,  sutficiently  imbued  with 
matter,  not  cognizable  to  the  chemist,  but  palpably  recognizable  to  the 
senses,  as  to  be  unpalatable,  and,  no  doubt,  unwholesome. 

6.  Can  you  give  any  instances  in  which  this  has  happened,  and  any 
illustrations  of  the  effects  upon  the  living  system  and  upon  the  health? 
— I  do  not  at  this  time  recollect  any  instance  of  the  kind  to  which  you 
allude. 

7.  Besides  the  chemical  analysis  of  water,  have  you  attended  to  tlie 
amount  of  organic  matter  contained  in  it  in  different  instances  ? — The 
amount  in  weight  of  organic  matter  contained  at  any  lime  in  any 
natural  wa.er  is  always  very  small,  but,  in  my  estimation,  is  not  on 
that  account  to  be  disregarded  ;  it  is  notorious  that  filtered  Thames 
water  when  taken  on  board  ship  in  a  short  time  becomes  putrid 
and  unfit  for  use  ;   this  is  only  to  be  attributed  to  the  presence 

,  of  organic  matter  originally  existing  in  the  water  reacting  on  the 
sulphate  of  lime,  or  any  other  sulphate  it  may  contain,  thereby  engen- 
dering the  production  of  sulphuretted  hydrogen ;  then,  as  soon  as  the 
whole  of  the  organic  matter  has  become  decomposed,  the  sulphuretted 
hydrogen  partly  escapes  into  the  atmosphere  by  the  exposure  of  the 
water  to  its  influence,  and  any  that  may  remain  in  the  water  becomes 
in  the  course  of  time,  by  the  absorption  of  atinospheric  oxygen,  suffi- 
ciently oxidized  as  not  to  be  distinguished.  While  on  this  subject  I 
may  relate  a  circumstance  that  occurred  about  two  years  since  in  my 
own  laboratory.  I  have  a  still  that  is  used  for  no  other  purpose  than 
distilling  water;  the  accumulated  bottoms  of  a  number  of  distillations 
were  accidentally  suffered  to  boil  to  dryness,  and  became  subsequer^tly 
heated  to  that  extent  that  decomposition  of  them  was  effected;  the 
stench  produced  by  the  decomposition  of  the  organic  matter  was 
peculiar,  and  not  to  be  mistaken  as  that  resulting  from  animal  produce, 
and  so  persistent  was  it  as  to  infect  the  produce  of  many  subsequent 
f  distillations,  although  every  care  was  taken  to  cleanse  the  still  and  its 
appurtenances  almost  immediately  after  the  occurrence. 

8.  With  reference  to  the  influence  of  water  on  health,  do  you  not 
ythink  that  an  inquiry  into  th«  quantity  of  organic  matter  contained  in 
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-Mr. Cooper,  it,  is  as  necessary  as  an  inquiry  into  its  chemical  properties?-!  am 
decidedly  of  opinion  that  an  inquiry  into  tl.e  amount  of  or<ranic 
matter  in  any  water  intended  for  domestic  employment  is  of  equal. 
It  not  of  greater  importance,  than  the  deteriorafion  of  what  is  nsuallv 
termed  the  saline  or  chemical  constituents,  which  latter,  as  I  have 
already  stated,  does  not  generally  exceed  20  grains  in  a  g-allon  of 
the  water  of  the  Thames,  and  these  ingredient^s  being-  comparatively 
It  not  wholly  inert  in  their  action  on  the  human  svstem,  when 
taken  internally,  even  suppose  the  whole  gallon  to  be  imbibed  in  the 
course  of  the  day  ;  it  is  nevertheless  true,  that  in  an  economical  point 
ot  view  as  regards  the  saving  of  soap,  or  extracting  a  better  infusion 
from  malt,  as  in  brewing,  or  for  the  purposes  of  the  tea-table,  in 
obtaining  a  better  infusion  in  the  tea-pot  from  an  equal  quantity  of  tea, 
a  water  containing  the  smallest  amount  of  calcareous  salts  is  to  be  pre- 
ferred; but  these  matters  I  hold  to  be  of  comparatively  little  impor- 
tance when  we  have  under  consideration  the  question  as  to  what  kind 
of  water  ought  a  city  or  town  to  be  supplied  with,  to  give  to  the 
inhabitants  of  all  grades  in  society  all  the  advantages  as  regards  health 
and  economy  in  its  employment?    If  this  question  were  to  be  put 
directly  to  me,  I  should  answer,  The  water  obtained  from  the  chalk 
stratum  underneath  us  in  London  appears  to  me  to  possess  every 
requisite  for  domestic  employment;  that  is  to  say,  it  is  comparatively 
free  from  calcareous  salts,  also  from  any  organic  matter  liable  to  suffer 
.decomposition  or  become  putrid,  and  it  is  exceedingly  soft  from  its  con- 
taining a  notable  quantity  of  carbonate  of  soda,  thereby  it  possesses  the 
property  of  economising  soap  in  washing,  and  woidd  enable  us  to 
obtain  in  all  cases  a  better  extract  from  any  material  exposed  to  its 
action,  either  when  used  hot  or  cold.    I  am  free  to  confess  that  I  take 
the  Artesian  well  water,  such  as  that  of  Trafalgar-square  (which  I 
have  very  carefully  analyzed),  and  tliat  also  of  Her  Majesty's  Mint, 
as  the  beau  ideal  of  wliat  a  water  ought  to  be  for  the  supply  of  a  city 
or  town,  but  as  there  are  places  in  great  number  out  of  the  reach  of 
such  a  supply,  I  can  only  then  say,  take  the  water  of  Trafalgar-square 
as  the  standard  of  comparison,  and  select  that  which  approximates  to  it 
the  nearest  in  all  its  qualities, 

9.  What  are  the  chief  conditions  which  influence  the  greater  or  less 
contamination  of  water  with  organic  matter? — The  drainage  of  London 
and  the  tidal  influence. 

10.  What  is  your  opinion  as  to  the  value  of  Thames  water  as  a 
supply  for  the  metropolis  ;  say,  at  Battersea,  at  Chelsea,  and  at  London 
Bridge? — I  am  of  opinion  that  neither  of  the  places  to  which  allusion 
has  been  made  are  proper  places  from  which  water  ought  to  be  taken, 
inasmuch  as  they  are  all  within  the  influence  of  the  tide  :  consequently 
the  influx  of  organic  matter  from  the  drainage  of  the  town,  which  is 
constant,  is,  in  fact,  never  got  rid  of,  but  I  am  of  opinion  is  continually 
on  the  increase. 

11.  What  is  your  opinion  as  to  the  value  of  Artesian  wells  as  a 
source  of  supply  with  reference  particularly  to  the  quantity  and  quality 
of  the  water  thus  to  be  obtained  ? — I  consider  f  have  already  replied 
to  one  of  the  questions  propounded,  that  as  respects  the  quality  of  (he 
Artesian- well  water;  and  as  to  the  quantity  capable  of  being  afforded 
by  wells,  it,  of  course,  must  as  yet  be  a  matter  of  speculation  ;  but  I 
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jrave  that  matter,  in  conjunction  with  some  others,  a  good  deal  of  con-  Mr.  Cooper, 
sideration  about  14  years  since,  and  I  came  then  to  the  conclu.sion  — 
that  an  abundant  supply  was  obtainable,  since  which  period  I  have  had 
no  reason  to  alter  the  opinion  I  then  formed,  but,  on  the  contrary,  all 
that  I  have  since  learned  has  confirmed  it. 

12.  You  were  called  upon  to  examine  the  water  of  the  Surrey  Canal. 
Will  you  slate  the  result  of  your  examination  ?— It  is,  to  the  best  of 
my  recollection,  15  or  20  years  since  I  was  called  upon  by  a  Water 
Company  on  the  south  side  of  the  river  to  examine  the  water  of  the 
Surrey  Canal.  This  I  did  by  taking-  specimens  at  several  points  between 
its  entrance  at  Rotherhithe  and  its  termination  at  Camberwell.  The 
results  of  that  examination  showed  an  increase  of  specific  gravity,  a 
corresponding  increase  of  saline  matters,  and  also  of  organic  matters, 
from  its  entrance  to  its  termination,  attributable,  no  doubt,  on  the  one 
hand  to  evaporation  by  atmospheric  influence,  and  on  the  other  to  its 
stagnation  or  comparatively  small  change  it  undergoes  by  the  traverse 
of  barges. 

13.  Have  you  attended  to  the  question  of  the  constant  as  compared 
with  the  intermittent  mode  of  supply  ? 

•  14.  Do  you  conceive  there  would  be  any  difficulty  in  applying  the 
system  of  constant  supply  to  the  metropolis?  " 

15.  What  do  you  conceive  to  be  the  peculiar  advantages  of  the  con- 
stant mode  of  supply  ?— One  of  the  advantages  of  a  constant  supply,  I 
conceive,  will  be  more  in  favour  of  the  poorer  class  of  consumers  than 
the  richer;  for  as  the  poor  have  but  little  convenience  for  storing  up 
the  quantity  of  water  they  may  require  for  their  use  from  day  to  day, 
and  if  they  had,  there  is  a  probability  of  its  becoming  more  or  less 
contaminated  by  being  kept  in  their  too  much  crowded  dwellincrs  : 
While  those  who  are  better  to  do  in  the  world  are  well  provided  with 
well  constructed  receptacles,  where  it  may  be  (if  sufficient  precautions 
are  taken)  retained  for  a  time  without  undergoing  an  v  material  change. 

lb.  What  m  your  opinion  are  the  disadvantages  ?— 1  am  not  aware 
or  any  disadvantage. 

hvll'  r^^'f-  "^'^7^^  instances  of  the  contamination  of  water 
iVLl  ^"^  tutts?-I  know  of  many  in- 

tern  aid  T  "  """^  ""-^'^  '^^^       ^^PP^'^^  ^^'^  in  "'y  cis- 

In  n  1     ^h^irs,  become  unfit  for  use,  and  the  supply-pipes  occa- 
Monally  been  stopped  up,  by  decaying  or  decayed  confervL^  ^ 
extent  as  to" Vn     -  '^'^  ^""laminations  may  take  place  to  such  an 

health  Sh  T  K  1  ^'"^  vegetable  or  animal  matter  be  injurious  to 
follow  as  fcon^'     '     T"'^-  ^^"^^  »he  case,  it  must 

portion  as  the    ^T''"  ^'"f  ^''"^  '"^  ^""^^  ^hat  in  pro- 

increased  so  will  th""     fK^'^'r.^  «^  '^i*^^  J<'n'i  ^^y  be 

19.  What  Z  !       ^"s^lubnty  of  the  water  be  increased  also.  ^ 

receptacles  for  TlT"'""  ^'""''"'^      ^^P^^^^S  ^^^^^  in  these 

^onri  in  the  pooreTd  triJ;r^rT''  "  ^'^^y  y^^^s  and 

20  Ho  ?  districts  of  the  metropolis  ? 

'■•au8edurTnUhe\reva1ence"^nr'"''r'"  ^^^^ts  from  this 

o  uie  prevalence  of  epidemics  or  otherwise  ? 
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Mr.  Cooper.  21.  What  is  your  observation  of  the  Company's  water  which  you 
receive  at  your  own  residence  ? — It  frequently  comes  in  tainted  with  the 
smell  of  decaying-  animal  or  vegetable  matter ;  it  having,  in  fact,  a 
slightly  putrescent  smell  and  taste. 

22.  Is  it  delivered  filtered,  or  free  from  matter  in  suspension  ?— It 
comes  in  much  clearer  than  it  used  to  do,  and  deposits  very  little  matter 
in  the  bottoms  of  the  vessels  in  which  it  is  detained.  I  think  it  more 
likely  that  it  is  cleared  by  subsidence,  than  by  filtration. 

23.  Do  you  filter  the  water  you  use? — Yes,  we  filter  all  the  water  we 
use  for  culinary  purposes. 

24.  Are  we  to  understand  then  that  the  smell  you  speak  of  is  percep- 
tible even  after  filtration  ? — Yes. 

25.  It  is,  perhaps,  superfluous  to  ask  you, as  a  chemist,  whether  yo 
consider  that  this  is  a  water  which  ought  to  be  supplied  to  a  popu 
lation  ? — I  certainly  think  not. 

26.  What  description  of  filter  do  you  use  ?— One  made  of  finely  pow 
dered  glass,  and  animal  charcoal  ;  one  stratum  of  about  half  an  inc. 
thickness  of  finely  powdered  glass  ;  upon  which  is  a  layer  of  about  an 
inch  and  a  half  of  well  burnt  animal  charcoal,  and  over  this  about; 
three  quarters  of  an  inch  to  an  inch  of  more  coarsely  pounded  glass,, 
and  over  that,  the  usual  sponge  for  filters.    This  I  conceive  is  a  me-- 
chanical  as  well  as  a  chemical  filter. 

27.  How  does  it  act? — Very  well. 

28.  But  it  does  not  yet  detain  the  matter  in  solution  to  which  you 
attribute  the  disagreeable  smell  ?— No  ;  but  I  believe  it  diminishes  it. 

29.  Are  there  not  natural  filters  which  do  detain  matter  in  solution? 
— Yes;  for  instance,  water  which  is  impregnated  withthe  water  draining, 
from  bogs  which  is  of  a  pale  brown  colour  when  taken  up  in  a  glass, 
and  looks  like  an  infusion  of  tea  when  in  the  river,  is  rendered  quite 
colourless  by  percolation,  through  a  stratum  of  sand  and  gravel,  in 
which  vegetation  is  going  on  ;  and  whether  the  decolouration  from  the 
effects  of  vegetation,  or  from  the  peculiar  composition  of  the  filter  or 
percolate,  I  am  unable  to  decide;  but  I  rather  give  evidence  to  the 
effect  of  vegetation,  seeing  that  no  artificially  constructed  filter  yet 
made  will  effect  the  object. 


Professor  Hoffman,  examined. 

Professor  1.  You  are  Principal  of  the  College  of  Chemistry  ?— I  am  Professor; 
Hotoan.       j^^g  Royal  College  of  Chemistry. 

2.  You  were  educated  under  Baron  Liebeg  ? — I  was. 

3.  In  the  course  of  your  operations  at  the  College,  have  you  had 
occasion  to  make  or  superintend  analysis  of  the  Thames  water  ?  and, 
if  so,  will  you  be  so  good  as  to  communicate  to  the  Commission  a  copy 
of  the  results  of  the  several  analyses  ? — I  send  with  this  copies  of  the 
results  of  these  analyses. 

4.  At  what  places  and  at  what  times  were  the  specimens  taken  ? — 
It  is  stated  in  the  copies  of  the  several  analyses. 

5.  It  is  presumed  as  a  matter  of  course  that  the  quality  of  the  water 
of  such  a  river  as  the  Thames  will  vary  at  different  times  and  seasons, 
according  as  upland  floods  may  bring  surface  water,  or  as  the  river 
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mav  be  left  to  its  ordinary  sources  of  deep  springs  (if  such  be  the  ProfeMor 
sources),  and  according-  to  the  character  of  the  districts  from  which 
the  floods  may  come? — It  cannot  be  doubted  that  the  quality  of  the 
water  of  sucli  a  river  as  the  Thames  must  vary  within  certain  limits, 
accordino-  to  the  seasons,  and  that  it  may  be  occasionally  influenced  by 
upland  floods;  and  this  influence  must  vary  with  the  character  of  the 
district  from  which  the  floods  may  come. 

6.  Will  you  state  to  the  Commissioners  the  extent  to  which,  from 
your  knowledsje,  the  analysis  of  river  waters  or  springs  has  been 
attended  to  on  the  Continent,  and  put  in  evidence  any  information  you 
may  have  collected  of  the  results  of  any  such  analysis  ? — In  reply  to 
this  question,  I  beg  to  offer  to  the  Commissioners  a  copy  of  a  synopsis 
(intended  for  publication  in  the  Annual  Report  on  the  progress  of  Che- 
mistry), of  all  the  analyses  of  river-waters  and  well-waters  which  have 
been  made,  during  1847  and  1848,  in  this  country,  in  America,  and  on 
the  Continent. 

7.  It  is  presumed  that  the  quality  of  a  water  will  be  aflected  by  the 
extent  to  which  it  absorbs  or  gives  out  the  various  gases  that  it  may 
come  in  contact  with  ? — Most  undoubtedly,  especially  with  regard  to 
the  gases  which  water  gives  out.  J  may  mention  that  I  know  a  little 
river  in  the  north  of  Germany,  the  water  of  which  is  found  to  be 
very  hard  when  examined  close  to  its  source  in  the  limestone.  This 
water  becomes  softer  and  softer  the  further  it  proceeds  in  its  course; 
this  diminution  of  hardness,  which  has  been  traced  by  analysis,  is 
evidently  dute  to  the  gradual  loss  of  carbonic  acid,  which  retained  a 
certain  quantity  of  carbonate  of  lime  in  solution.  Clark  finds  Watford 
water  softens  about  one-fourth  of  a  degree  per  day  by  exposure  in  a 
shallow  dish. 

8.  In  respect  to  the  quality  of  the  air  of  the  atmosphere  itself,  it  is 
observed  that  a  child  taken  from  a  mountain  district  in  the  country,  and 
placed  in  a  close  court  or  alley  in  a  densely  populated  town-district, 
will  lose  its  healthy  colour,  and  no  longer  thrive  at  the  same  rate, 
although  its  condition  in  other  respects  may  remain  the  same.  Is  not 
this  a  test  of  the  difference  between  one  atmosphere  and  another  as 
decisive  as  litmus  paper  for  an  acid  or  alkaline  solution? 

9.  Has  chemistry  been  able  to  determine  the  agencies  in  local 
atmospheres  which  produce  such  effects  as  are  thus  universally  expe- 
rienced in  the  young,  susceptible,  feeble,  and  sickly? 

Ans.  to  8  and  9.  It  cannot  be  denied  that  the  air  in  the  close  courts 
and  alleys  of  a  densely  populated  town-district  produces  effects  upon  the 
organism  which  are  not  observed,  e.  g.,  in  a  mountainous  country. 
These  effects  may,  to  a  very  considerable  extent,  be  due  to  the  difference 
in  the  physical  and  mechanical  condition,  state  of  motion,  rapidity  of 
change,  &c.,  of  the  two  kinds  of  air  in  question;  nevertheless,  part  of 
these  effects  may,  I  believe,  be  ascribed  to  the  presence  of  certain 
constituents  which  the  air  contains,  in  addition  to  its  usual  components. 
These  constituents  must  be  present,  however,  in  exceedingly  small 
quantity,  for  chemistry  has  not,  up  to  the  present  moment,  Succeeded 
in  isolating  these  substances,  or  characterizing  them  by  particular 
reactions.  As  yet,  in  the  air  only  the  presence  of  oxygen,  nitro<ren, 
aqueous  vapour,  carbonic  acid,  and  ammonia,  has  been  accurately 
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vroressor  establislied,  but  it  has  been  proved  that  occasionally  other  substances 
Hi)ffman.  ^^^^  ^^jg^  jj^e  atmosphere ;  for,  on  passing  the  air  of  certain 
localities  through  concentrated  sulphuric  acid,  the  acid  is  found  to 
become  black  ;  an  effect  which  is  not  produced  by  any  of  the  con- 
stituents mentioned  above.  Thus  the  presence  of  substances  other 
than  those  enumerated  is  indicated  only  by  their  action  upon  the 
organism  and  upon  sulphuric  acid,  but  we  are  unable  to  say  whether 
both  kinds  of  atmospheric  constituents  are  the  same. 

10.  You  must  have  had  experience  of  a  London  fog :  has  chemistry 
the  power  of  analyzing  its  constituents?— The  experiment  has  never 
been  tried;  but,  although  I  think  that  it  would  not  be  difficult  to 
condense  aqueous  vapour,  and  to  collect  finely-divided  carbon,  and 
various  products  of  the  combustion  of  coal,  from  a  London  fog,  on 
submitting  a  sufficient  quantity  of  the  foggy  air  to  analysis,  1  am  not 
prepared  to  say  whether  tiiere  are  not  at  such  periods  mmute  quantities 
of  certain  constituents  in  the  atmosphere,  for  the  detection  of  which 
science  is  not  sufficiently  advanced,  and  which,  in  this  respect,  would 
resemble  the  additional  air-constituents  supposed  to  exist  in  the 
atmosphere  of  densely  populated  cities. 

11.  Since  it  is  a  matter  of  common  experience  that  water  absorbs 
a  quantity  of  the  air  which  sweeps  over  it,  or  in  which  it  is  confined,  it 
would  follow  that  it  may  absorb  matter  of  which  chemistry  has  not  yet 
determined  the  essential  properties  ?— Most  of  the  gases  having  been 
found  to  dissolve  to  a  certain  extent  in  water,*  it  is  very  probable  that 
the  atmospheric  constituents  referred  to  are  likewise  sohi^ble  in  water. 
This  question,  however,  cannot  be  positively  decided  as  long  as  we  have 
not  become  more  fully  acquainted  with  the  nature  of  these  substances. 

12.  Will  you  state  whether  there  are  any,  and  what,  results  ot  che- 
mical research  available  for  practical  guidance  in  respect  to  the  col- 
lection, storage,  and  distribution  of  water  ?  _ 

13.  Are  you  aware  of  any,  and  what,  observations  on  waters  ot 
different  sorts— as  to  their  value  for  drinking,  washing,  and  for  culinary 
purposes— in  Germany  or  other  parts  of  the  Continent? 

Arts,  to  12  and  13.  With  respect  to  questions  12  and  13,  I  beg  to 
remark  that  I  am  not  in  possession  of  any  knowledge  beyond  that 
derived  from  ordinary  chemical  experience. 

The  properties  requi-te  in  waters  intended  for  drinking  wa^ng 
and  for  cu  inary  purposes,  vary  to  a  very  considerable  extent.  \\  hilst 
:  certa  n  quantily^f'hme  and  magnesia-salts  wdl,  with  a  fe.^  excep- 
tions perhaps,  not  be  found  inconvenient  in  water  intended  for  dnnk- 
n  "  these  salts  interfere  sadly  with  its  application  for  washing  and  for 
culinary  purpos^  Again,  the  soft,  slightly  alkaline  water  well  calcu- 
Sedlr  ?he'latter  purposes,  will  be  found  very  insipid  an  d^agr-ab^ 
when  used  as  a  driuk.    If  the  same  water  is  to  be  used  for  the  three 


*  1,000  gallons  of  water  dissolve,  at  the  common  temiierature- 
46  gallons  of  oxygen. 
25  gallons  of  nitrogen. 
2,500  gallons  of  suli)liuretted  hydrogen. 
1  ,'oOO  gallons  of  carbonic  acid. 
500  ,000  gallons  of  ammonia. 
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diferent  purposes,  I  believe  that  it  woulc  be  advanta^eou^^^^^^^  Pro^so. 
springs  reseufbling  in  their  composition  as  closely  as  poss  ble  rai-^ater  _ 
which  is  adapted  for  drinking,  washing,  and  for  all  k«nds  of  cul^^^^^^^^^ 
purposes  Among  various  waters,  contaming,  ccetens  paribus,  different 
of  fixed  constituents,  I  would  give  the  preference  to  he 
iater  containing  the  smallest  amount.  For  the  storage  of  the  water, 
Twould  recommend  cisterns  of  slate,  and  for  the  distribution,  earthen- 
ware  or  glass  pipes;  lead  being  acted  upon  by  very  pure  water  Aii 
arLe  has  been  lately  introduced  under  the  name  of  Pans  v.tnfied 
iron,  the  application  of  which  for  the  distribution  of  water  appears  very 
promising;  a  series  of  experiments  with  this  material  are  not  unlikely 

to  lead  to  important  results.  j  r    t  ^i. 

On  the  Continent,  the  water  question  has  been  discussed  far  less  than 
in  this  country,  and  I  am  not  aware  of  apy  results  which  would  be 
worth  the  notice  of  the  Board. 

Analysis  of  Thames-water. 

The  Thames  water  was  analysed  by  Mr.  F.  Clark  and  by  Mr.  E.  T. 
Bennett.  The  former  took  the  water  in  the  neighbourhood  of  Twick- 
enham on  the  16th  December,  1847,  two  hours  after  high  tide.  His 
results  are  contained  in  "Analysis  of  Rain-water,  River-water,  and 

Well-water,"  page  4.  ,         ^  ,  . 

Mr.  Bennett  took  the  water  from  the  middle  of  the  river,  opposite 
the  Hospital  at  Greenwich,  on  the  1st,  January,  1849,  at  high  tide. 

His  resuhs  are  given  in  the  annexed  Table : — 


Sulphate  of  potassa  . 
Sulphatt.  of  soda 
Sulphate  of  magnesia 
Chloride  of  magnesium 
Chloride  of  calcium  . 
Carbonate  of  lime  . 
Silicic  acid 
Phosphate  of  alumina  (iron) 
Organic  matter 


Graino  in  an 
Imperial  Gallon. 

1*3710 

3-  9224 

0-  5475 
1*1482 

1-  6272 
14-3997 

0*7958 
Traces. 

4-  0810 


Free  carbonic  acid  . 


27*8928 

1 9  •  8535  cubic  inches  in  the  gallon. 


Analysis  of  Rain-water,  River-water,  and  Well-water. 

According  to  R.  A.  Smith,  rain-water  falling  in  towns  contains 
organic  matter  exceeding  usually  0*001  per  cent,  (in  Manchester). 
Rain-water,  collected  after  30  hours'  rain,  was  found  to  contain  0-00*27 
per  cent,  of  chlorine  and  0-00343  of  sulphuric  acid.  iS'wi^A  frequently 
found  the  rain-water  alkaline,  which  he  thinks  is  due  to  carbonate  of 
ammonia,  and  the  air  frequently  acid.  Water  from  peaty  soil  contains 
a  substance  which,  on  burning,  exhibits  the  odour  of  peat.  The 
river  Dee,  near  Chester,  contains  25  grains  of  such  organic  matter  per 
gallon.  River-water  in  the  neighbourhood  of  large  towns  leaves  a 
residue  which,  on  burning,  exhibits  the  odour  of  protein-compounds 
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Professor  in  a  state  of  decomposition.  In  well-water  at  Manchester  he  found  as 
Hofeaan.   j^^^j^  grains  of  organic  matter  and  ammonia-salts,  and  70  grains 

of  nitrates  per  gallon. 

Ragsky  has  examined  the  water  of  two  artesian  wells  in  Vienna  ; 
(A)  of  that  near  the  Mariahilf  line,  and  (B)  of  that  at  the  station 
of  the  Vienna  JRaab  Railway.  Column  (C)  gives  an  abstract  of  John- 
strug's  analysis  of  the  Copenhagen  well-water.  (A)  represents  the 
quantities  in  Vienna  grains  referred  to  16  oz.  of  water;  in  (B)  and 
(C)  the  quantities  are  referred  to  1000  parts  of  water. 


A. 

B. 

C. 

2- 

800 

0-0078 

2- 

68 

1o 

5- 

13 

, ,        Magnesia    .    .    •  . 

0- 

694 

0-0043 

0« 

19 

to 

0 

61 

, ,  Soda  

0-6387 

• 

, ,        Protoxide  of  Iron  . 
Chloride  of  Potassium  .... 
, ,       Sodium     .     .    •    •  . 

oio 

0-0010 

• 

• 

0-2893 

}o. 

51 

to 

7 

21 

0 

099 

•  • 

, ,       Mac;nesium  .... 
Sulphate  of  Potassa  

1 

553 

•  • 

0- 

26 

to 

0 

75 

• 

0 

to 

0- 

75 

i 

979 

•  • 

0 

09 

to 

0 

88 

Nitrate  of  Soda,  with  some  Potassa  . 
Phosphate  of  Lime  .... 

0 

•977 

•  • 

1 

155 

m  • 

0 

07 

to 

0 

39 

6 

•132 

0-0122 

0 

18 

to 

0 

31 

Loss  aud  Organic  Substance  .  . 

0 

•146 

0-0237 

Volatile  Compounds  ..... 

• 

•  • 

0 

* 

to 

0- 

60 

2 

'18 

•  • 

Mailer  has  analysed  th"e  water  of  Ihe  river  Meuse,  of  several  wells  in 
Rotterdam,  of  the  North  Sea  at  Scheveningen,  of  the  Rhine  near 
Emmerich.  He  gives  the  amount  of  fixed  constituents,  without  stating 
what  sort  of  Its.  is  adopted,  and  in  which  unit  the  various  weights  are 
expressed  ;  we  consequently  refrain  from  details. 

Boutron-Charlard  and  O.  Henry  have  examined  the  various 
waters  which  feed  "the  public  wells  of  Paris.  This  investigation 
embraces  specimens"  of  /Seme  "water  collected  at  the  Pont  d'lvry  (A), 
at  the  Pont  Notre  Dame  (B),  at  the  Pompe  du  Gros  Caillou  (C),  at 
the  Pompe  de  Chaillot  (D),  the  water  of  the  Marne  (E),  the  water 
coming  from  Arcueil{F),  the  water  of  the  Artesian  well  at  Crenelle 
(G),  the  water  of  the  Canal  de  V  Ourcq  (H).  The  Table  gives  the 
number  of  grammes  of  solid  constituents,  and  the  number  of  litres  of 
gas,  contained  in  one  Utre  of  water.    {See  page  191.) 

Deville  has  examined  the  composition  of  the  following  waters  :  of 
the  Garonne  near  Touloicse  (A),  of  the  Seine  near  Percy  (B),  of  th( 
Rhine  near  Strashurg  (C),  of  the  Loire  near  Orleans  (D),  of  the 
Rhone  near  Geneva  (E),  of  the  Douhs  near  Rivotte  (F),  of  the  well 
water  of  MouHlere  (G),  of  Billecul  (H),  of  Arcier  (I),  and  of  BregrlU 
(K)  near  Besan<;on,  of  Suzon  (L)  near  Dijo7i,nnd  of  Arc^teil  {M) 
near  Paris,  of  the  wells  in  the  Grand  Rue  (N),  the  Rm  de  la  Pre- 
fecture (O),  and  near  the  Faculte  des  Sciences  (P)  at  Besanpon. 

He  determined  not  only  the  composition  of  the  whole  water,  but 
also  that  cf  the  precipitate  produced  by  one  hour's  ebullition,  and  of 
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Bicarbonate  of  Lime       .  '  • 
, ,         Magnesia  .  . 
,  J         Potassa    .  • 
Sulphate  of  Lime  .    .    •  • 
Magnesia     .  • 
Soda  .    .    •  • 
, ,        Potassa    .  . 
Chloride  of  Calcium  .    .  . 
,        Magnesium  . 
Sodium    .  . 
"       Potassium    •  . 

Potassa-Salts  

Alkaline  Nitrates  .... 

Silicic  Acid  ■» 

Alumina  f 

Sesquioxide  of  Iron  ...  J 
Organic  Matter  

Total  Amount  of  fixed  Con-1 
stituents     .    .    .    .  j 
Atmospheric  Air  .... 
Free  Carbonic  Acid  .  . 


0-132 
0-060 

0-020 
0-010 


0-010 

Trace. 
Trace. 

O'OOS 

Trace. 


0-174 
0-062 

0-039 
0-017 


0-025 

Trace. 
Trace. 

0-014 

Trace. 


0-240 

0-003 
0-013 


0-331 

0-003 
0-014 


C. 

0-229 
0-075 

0-040 
0-027 

•  ■ 

0-032 

Trace. 
Trace. 

0-023 

Trace. 


D. 

0-230 
0-076 

0-040 
0-030 

•  ■ 

0-032 

■  a 

Trace, 
Trace. 

0-024 

Trace. 


0-426 

0-004 
0-014 


0-432 

0-003 
0-013 


E. 

0-120 

0-022 
O'OIS 

0-020 

Trace. 
0-030 
Trace. 


0^156 
O'OCO 
Trace. 
0-138 

0-072 


0-081 

Trace. 
0-018^ 
Trace. 


0-511 

Trace. 
0-013 


0-527 


004 
070 


0  ;'?92 
0-UJ92 
0-0100 


0-0320 


0-0570 


0-0100 
0-0020 

Trace. 


0-1494 


H. 

0-168 
0-075 

0-080 
0-095 

0-113 

Trace. 
1 0-069 
Trace. 

0-590 


Profeasor 

HofiVnan. 


the  soluble  and  insoluble  portion  of  tlie  residue  left  on  evaporation. 
We  here  give  his  results  respecting  the  composition  of  the  water  as  a 
whole.  The  following  Table  represents  in  milligrammes  the  amount 
of  fixed  constituents,  and  in  cubic  centimetres  that  of  the  free  gases 
(assumed  to  be  dry),  of  a  temperature  of  0°  and  a  pressure  of  760  milli- 
grammes, contained  in  10  litres  of  water.  The  same  holds  good  for 
^Grange's  analysis  of  the  water  of  the  Isere  near  Grenoble.  Grange 
has  examined,  moreover,  the  water  of  several  brooks  of  the  Isere 
valley.  He  gives  the  composition  of  these  brooks,  which  run  over 
soils  of  varying  composition  in  various  stages  of  their  course,  and  dis- 
cusses the  depe.idance  of  the  amount  of  fixed  constituents  on  the 
geological  formation  of  the  soil ;  he  adduces  the  presence,  in  spring- 
water,  of  magnesia  salts  as  the  cause  of  goitre  and  rhachitism,  &c. 


Silicic  Acid  ...... 

Alumina  

Secquioxide  of  Iron    .    .  . 
Carbonate  of  Lime      .    .  . 
, ,       Magnesia  . 
, ,      Protoxide  Manganese 

Sulphate  of  Lime  

, ,        Magnesia     .    .  , 
Chloride  of  Calcium  .... 
, ,        Magnesium  .    .  . 
, ,        Sodium  .... 
Sesquicarbonate  of  Soda  .    .  . 
Carbonate  of  Soda     .    .  '  .  . 

Sulphate  of  Soda  

, ,  Potassa  .  •  .  . 
Nitrate  of  PoUssa  .... 

, ,  Soda  

) ,      Magnesia^  .... 

) ,  Lime  

Silicate  of  Potassa  

Total  Amount  of  fixed  Con-1 
stituents      .    .    .    .  \ 
Free  Carbonic  Acid  .    .  .' 

Nitrot[en  

Oxygen   


401 


31 
645 
34 
30 


32 
65 


53 
76 


1,367 

170 

79 
157 


244 
5 
25 
1.655 
27 

269 


123 


50 


94 
52 


C. 


488 
25 
58 
1,356 
50 

147 


20 


2,544 

162 
120 
39 


135 
'38 


2,317 

76 
159 

74 


D. 


406 
71 
55 

481 
61 


48 


238 
39 

789 
49 

466 
63 


6. 


146 
34 


44 


74 

'40 

45 


159 
21 
30 
1,910 
23 


5 

23 


51 

'41 

39 


250 
43 

2,573 


51 

"*7 

20 


23 
118 


1,346 

18 

I  202 


1,820 

79 
C  184 
t  84 


2,302  !  3,085 

178  '  390 

182  154 

95  64 


H. 


246 
43 

2,561 
46 

ioo 

'71 
40 


44 
156 


3.307 

267 
101 
49 
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Silicic  Acid  ....... 

Alumina   

Sesquioxide  of  Iron  .... 
Carbonate  of  Lime  .... 
,,        Magnesia    .    .  . 
Protoxide  Manganese 

Sulphate  of  Lime  

, ,        Magnesia    .    .  . 
Chloride  of  Calcium  .... 
, ,       Magnesium  .    .  . 
, ,        Sodium  .... 
Sesquicarbonate  of  Soda  , 
Carbonate  of  Soda ,    .    ,    .  . 

Sulphate  of  Soda  

, ,       Potassa  .... 

Nitrate  of  Potassa  

, ,  Soda  

, ,       Magnesia  .    .    .  ' . 
, ,       Lime  ..... 
Silicate  of  Potassa    .    .    .  . 


Total  Amount  of  fixed  Con-l 
stituents     ....  J 

Free  Carbonic  Acid  .    .  . 
Nitrogen  ...... 

Oxygen   


I. 


390 
90 

2,139 


20 


69 
45 

Trace. 


2,831 

208 
153 
59 


K. 


348 
65 

,079 
43 


11 
27 


23 
48 


81 


2,799 

226 
142 

79. 


152 
10 

2,300 
38 


32 


21 
27 

*27 


2,607 

237 
167 
75 


M. 


306 
53 

1,990 
82 

1,638 


166 
376 


54 
201 


570 


5,436 

256 
127 
50 


N. 


314 
94 

2,156 
85 

802 


72 
557 


57 

899 
304 


5,340 

202 
171 
43 


O. 


297 
62 

2,017 
207 

662 

238 
255 
15 


551 
39 

2,331 
76 

2,660 

199 
615 


786 
870 


535 
1,229 

381 


5,410 

263 
157 
41 


8,616 

350 
202 
44 


Clark  has  examined  the  Thames  water  near  Twickenham  (A)  ; 
Abel  and  Row?iey  that  of  the  artesian  well  in  Trafalgar-square,  in 
London,  which  comes  from  a  depth  of  400  feet,  and  is  remarkable  for 
its  softness  (B).  In  the  following  Table  we  give  the  quantity  of  fixed 
constituents,  expressed  in  grains  and  in  grammes,  the  amount  of  free 
carbonic  acid,  expressed  in  Enghsh  cubic  inches  and  in  cubic  centi- 
metres, contained  respectively  in  an  imperial  gallon  and  in  10,000 
grammes  of  water.  In  the  analysis  of  a  well-water  of  Wolverton  (C), 
by  Giles,  and  of  the  river  Exe,  near  Exeter  (D),  the  quantities  are 
expressed  in  grains,  and  referred  to  one  gallon  (70,000  grains). 


A. 

B. 

C. 

D. 

Grains. 

Grammes. 

Grains. 

Grammes. 

1-0003 

1-0003 

1-00009 

1-00009 

1-00067 

•  • 

0-66794 

0- 09542 

13-6710 

1 -95^1)0 

2-00011 

0-28573 

8-7493 

1-24990 

14-324 

0-OSO 

0-45073 

0-06439 

3-040 

0-160 

0*640 

1-75021 

0-25003 

Trace. 

20*6585 

2-86550 

6-003 

4-240 

12-75946 

1-82278 

3-2550 

0-46500 

10-9650 

0-896 

1 -02711 

0*14673 

2-2540 

0-32200 

2-319 

0-064 

18-0488 

2-57840 

6-576 

0-160 

Trace. 

Trace. 

0-2910 

0-04160 

0-0340 

0*00486 

Trace. 

•  • 

0*540 

Trace. 

0-1372 

0-01960 

0-C937 

O'OHIO 

3-48019 

0-49717 

0-6720 

0-09600 

2-850 

1*60 

Trace. 

Trace. 

Trace. 

Trace. 

0-260 

0-27314 

0 -03902 

0'9710 

0-13100 

0-200 

Trace. 

0-07106 

0-01158 

1-1844 

0-17404 

22-48995 

3-21285 

69-4050 

9-91500 

44*032 

10-SSO 

14-233 

51-34 

8-423 

303-9 

Specific  gravity    .  . 
Sulphate  of  Potassa  . 
, ,        Soda . 
\ , ,  Lime 
, ,  Magnesia 
Chloride  of  Magnesium 
, ,  Calcium 
, ,        Sodium  . 
Carbonate  of  Lime  . 
, ,  Magnesia 
, ,  Soda 
Nitrate  of  Lime  .  . 
Phosphoric  Acid  .  . 
Phosphate  of  Soda  . 
, ,        Lime  . 
, ,        Iron  . 
Crenate  of  Magnesia . 
Crenic  Acid    .    ,  . 
Apocrenic  Acid  . 
Organic  Matter  . 
Sesquioxide  of  Iron  . 
Alumina    .    .  . 
Silicic  Acid    ,    .  . 
Lo88  


Total  Amount  of  fixed  Consti-  \ 
tuents    ......  .3 

Free  Carbonic  Acid  .... 
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Bull  has  examiaed  the  waters,  remarkable  for  their  hardness,  of  I'roiyssor 
various  wells  at  Hartford  in  Connecticut,  in  North  America.  He 
found  in  10,000  parts,  by  weight  of  water  : — 


A. 

B. 

c. 

D. 

1 

•0008 

1 

•0004 

1 

•0001 

1 

•0008 

1-0011 

Sulphate  of  Lime  .... 

0 

•69 

0 

•61 

0 

•30 

0 

•79 

0-89 

Chloride  of  Magnesiuin  . 

0 

•41 

0 

•23 

0 

•22 

0 

•81 

0-41 

, ,       Calcium  .... 

1 

•12 

0 

•70 

0 

■39 

•  • 

1^79 

Sodium  .... 

1 

X 

•  • 

2-67 

Carbonate  of  Lime  .... 

2 

25 

1 

•31. 

0 

21 

1 

•48 

•  ■ 

,,        Magnesia  .    .  . 

0< 

19 

•  • 

•  • 

•  • 

1-57 

Creuate  of  Magnesia .... 

•  • 

0 

13 

0 

76 

0 

•44 

Carbonate  of  Soda,  equivalent  to) 

0- 

22 

1- 

09 

I- 

19 

2 

■35 

2^67 

Sesquioxide  of  Iron  .... 

0- 

04 

0' 

38  { 

0- 

u] 

0 

04 

Trace. 

•  • 

0 

23 

•  • 

Silicic  Acid  ...... 

0- 

18 

0- 

60 

0- 

14 

0- 

04 

O^IO 

0- 

10 

0- 

46 

•  • 

0^ 

18 

1-78 

Total  Amount  of  fixed  Con-1 

11 

51" 

31 

7- 

5« 

3' 

6- 

36  1 

[ 

11*82 

Answers  to  Questions  put  to  R.  Phillips,  Esq.  Mr.  i-hiiii 

1.  You  are  one  of  the  Government  chemists  attached  to  the  depart- 
ment  of  the  Geological  Survey  ? — I  am  chemist  and  curator  at'  the 
Museum  of  Prrctical  Geology,  which  is  a  Government  establishment. 

2.  In  the  course  of  your  practice,  public  or  private,  have  you  been 
called  upon  to  analyze  Thames  water.? — I  have  been  frequently  so 
called  upon, 

3.  How  often? — I  cannot  answer  this  question  without  referrino-  back 
to  the  operations  of  many  years,  which  I  am  apprehensive  I  may  be 
unable  to  find  an  account  o£ 

4.  Will  you  be  so  good  as  to  state  whether  you  have  found  the 
results  lo  differ  very  materially  at  different  places  and  times?— I  think 
not  very  materially,  unless  the  water  be  taken  very  high  up  the  river 
This  will  appear  by  the  result  of  the  analyses,  which  I  will  now 
state : — 

The  first  analysis  of  which  I  retain  a  record  was  reported  to 
the  Commissioners  of  1827. 

The  water  was  taken  from  the  north  reservoir  at  Paddino-ton 
in  May,  1827.  ' 

An  imperial  gallon  gave     of  a  grain  of  mechanically  suspended 
impurity.  '  ' 

The  saline  contents  of  a  gallon,  obtained  by  evaporation  to 
dryness,  weighed  24^4  grains,  consisting  of— 

Carbonate  oflime       .       .      16-4  grains 
bulphate  of  lime  .       .       .  6^0 
Common  salt      .       .  o^n  " 

[3.1  ,-^'4  " 


'S. 
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I  may  here  remark,  once  for  all,  that  Thames  water  also  contains 
minute  traces  of  magnesia,  silica,  oxide  of  iron,  and  organic  matter. 
Tlie  gallon  is  in  all  cases  the  imperial. 

Thames  Water  taken  from  the  House  Cistern  of  the  Burlington  Hotel 
when  the  Water  was  on,  May  1827. 

A  "-allon  gave  0*4  grain  of  suspended  impurity. 

A  "allon,  evaporated  to  dryness,  lelt  22-8  grains  of  residue. 

The  22-8  grains  consisted  of — 

Carbonate  of  lime        .       •      15*8  grains 
Sulphate  of  lime  ...  5*6 
Common  salt       .       .        •       1'4  j? 

22*8  „ 

Thames  Water  taken  from  the  Lock  above  the  Waste  Weir  at 
Ted'dington,  April  29,  1827. 

A  "-allon  gave  0  '3  grain  of  suspended  impurity. 

A  lallon,  evaporated  to  dryness,  left  17-4  grains  residue. 

The  17 '4  grains  consisted  of — 

Carbonate  of  lime        .       •      14-8  grains 

Sulphate  of  lime  .       .        •  1'2 

Common  salt      .       .        •  1*4 

17-4  „ 

It  will  he  observed  that  this  water,  taken  far  up  the  river,  contained 
onh  abou"  two-thirds  as  much  saUne  matter  as  that  from  the  north 
reservoir  at  Paddington. 

Thames  Water  from  the  West  Middlesex  Water.o^^^^^^  brought  to  me 
by  a  Messenger  from  the  Office  of  Wood.. 
A  gallon,  evaporated  to  dryness,  left  20-4  grains  residue. 
The  20  ■  4  grains  consisted  of — 

°  Carbonate  of  lime        .       .^    IS'O  grains 
Sulphate  of  lime  and  common  salt    o-4  ,, 

20-4  „ 

N  B   The  common  salt  may  generally  be  considered  as  equal  to 
about  one-half  the  quantity  of  sulphate  ot  lime. 

Thames  Water  from  the  Grand  Junction  Soiree,  reported  to  the 
Lords'  Committee,  March  1840. 

A  ii-allon  gave  0  •  28  grain  of  suspended  i>ni>u'-"y-  , 

One  gnlhm,  evaporated  to  dryness,  left  residue  19  4  grams. 

The  19  "4  grains  consisted  of — 

Carbonate  of  lime        .       •      l^-O  grains 
Sulpbatcof  lime  ami  common  salt    3-4  „ 


19'4 
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Tliaynes  Water  delivered  in  London  by  the  Grand  Junction. 

A  gallon,  evaporated  to  dryness,  left  residue  19*8  grains. 
The  19*8  g-rains  consisted  of — 

Carbonate  of  lime        .        .      16*0  grains 

Sulphate  of  lime  and  common  salt  3*8 

19-8  ^„ 

Thames  Water  from  the  River  opposite  the  Works  of  the  West 

Middlesex. 

A  gallon  gave  very  nearly  0"3  grain  of  suspended  impnrity. 
A  gallon  gave,  by  evaporation  to  dryness,  18 '6  grains  residue. 
The  18' 6  grains  were  composed  of — 

Carbonate  of  lime        ,       ,      16*9  grains 

Sulphate  of  lime  and  common  salt    I' 7 

18-  6  „ 

TJiames  Water  from  the  West  Middlesex  Water-works. 

A  gallon  gave  nearly  0*19  grain  of  suspended  impurity. 
A  gallon,  evaporated  to  dryness,  left  19*8  grains  residue. 
The  19 '8  grains  were  composed  of — 

Carbonate  of  lime        .      ,.      15-5  grains 
Sulphate  of  lime  and  common  salt    4*  3 

19-  8  „ 

Chelsea  Water-works,  taken  from  the  River  opposite. 
A  gallon  gave  of  suspended  impurity  0*66  o-rain, 
A  gallon,  evaporated  to  dryness,  left  19-4  grains  of  residue. 
The  19  •  4  grains  gave — 

Carbonate  of  lime        .        .      16*5  grains 
Sulphate  of  lime  and  common  salt    2  •  9 

19-4  „ 

Chelsea  Water-works  Water  as  it  came  in,  and  not  allowed  to  settle. 
A  gallon  gave  nearly  0-1  grain  of  suspended  impurity 
A  gallon  yielded,  by  evaporation  to  dryness,  19-8  grains  residue, 
ine  ly  "b  grains  were  composed  of — 

Carbonate  of  lime        .        .      16-4  grains 
oulphate  ot  hme  and  common  salt    3  •  4 

19-8  „ 

TJiames  Water,  Wi?idsor,  taken  above  the  Town. 

T\fu-f^rr  dryness,  14-80  grains  residue, 

-ine  i4  oO  grams  consisted  of — 

Carbonate  of  lime        .       .    io-26  grains 
buiphato  of  hme  ...  3-04 
Common  salt      .        .        *      1  .r,n  " 

14-80  „ 

o  2 
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.  It  is  to  be  observed  that  the  water  taken  above  Windsor  contains 
less  saline  matter  than  that  taken  from  any  other  place  lower  down  the 
river. 

5.  Will  you  state  the  general  characters  of  the  specimens  you  analyzed, 
as  applicable,  so  far  as  might  be  determinable  by  analysis,  to  domestic 
purposes?— Supposing  always  that  the  water,  either  by  subsidence  or 
filtration,  is  rendered  clear  before  use,  I  cannot  see  that  there  is  any 
purpose  whatever^to  which  Thames  water  is  not  applicable.  Like 
other  water  which  receives  large  quantities  of  animal  and  vegetable 
matter  in  a  state  of  decomposition,  it  will  of  course  undergo  the  putre- 
factive fermentation,  but  this  is  quite  extraneous  to  the  intimate  nature 
of  the  water. 

Thames  water  is  scarcely  to  be  reckoned  a  hard  water^  and  as  the 
principal  substance  which  renders  it  hard  is  bi-carbonate,  and  not 
sulphate  of  lime,  the  former  is  decomposed,  and  the  water  rendered 
softer  by  boiling ;  whereas,  if  sidphate  of  lime  were  present  in  large 
quantity,  it  would,  within  certain  limits,  become  harder  by  boiling.  I 
therefore  consider  Thames  water  as  applicable  to  all  purposes,  whether 
manufacturing  or  domestic,  though  it  must  be  admitted  that,  like  river 
water  in  general,  it  is  flat  when  it  is  drank. 

6.  What  was  the  analysis  of  the  Thames  water  which  you  were 
requested  to  make  for  the  Lambeth  Water  Company  ? -The  Thames 
water  which  I  analyzed  for  the  Lambeth  Water  Company  was  taken 
from  Thames  Ditton.  This  water  was  free  from  smell  or  taste,  and 
although  not  perfectly  clear,  yet  by  standing  it  becomes  as  bright  as  it 
it  had  been  filtered. 

A  gallon  gave,  by  evaporation  to  dryness, — 

Carbonate  of  lime        .       .       •  12 '34  grains 

Sulphate  of  lime  .       .       •       •  1'82  „ 

Carbonate  of  magnesia  .       .        •  1"84 

Sulphate  of  magnesia    .       .        .  0*90  „ 

Chloride  of  sodium,  with  a  trace  of)  ^  . 

chloride  of  potassium        .  i 

Silica        .        .       •       •       .  1*10 

Organic  matter,  with  a  very  ramute)  ^ . 

trace  of  oxide  of  iron        .  > 


20  "45 


I  also  analyzed,  but  not  minutely,  the  water  supplied  by  the  Lambeth 
Commnv  taken  from  the  main  near  the  Obelisk,  St.t^eorge's  Circus. 
?Ton  gave  22  grains  of  residue  by  evaporation,  which  appeared  to 
contain  a  HUle  mofe  organic  matter  than  that  of  the  water  from  Thames 
Ditton,  and  on  standing  it  did  not  so  readily  become        •     ,  . 

7  What  was  your  opinion  of  the  water  as  respects  sahbnty?— I 
consider  the  water  from'  Thames  Ditton,  and  also  from  Windsor  as 
Tfectly  Ibri  though  Thames  water  when  less  clear  than 

he  e  J  not  so  agreeable  to  drink,  I  do  not  think  that  any  of  the 
Specimens  which  \  have  examined  can  be  considered  as  positively 

"'^HTve"  ou  not  had  occasion  to  analyze  any  hard  drainage  waters 
or  shallow  spring  waters ?-Several  years  since  I  exammed,  but  d.d 
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not  analyze,  the  water  of  a  constantly  running;  spring  at  the  Military  Mr.  PiuiUi): 
College  near  Bag-shol;  it  was  remarkably  pure. 

I  have  likewise  examined  the  spring-  water  at  Ascot ;  it  is  remarkably 
pure. 

One  gallon  yields,  by  evaporation,  6*4  grains. 
These  6*4  grains  consist  of — 

Carbonate  of  lime  and  common  salt  .  5*0  grains 
Silica  .       .        .        .        .        •  ,, 
Magnesia,  a  minute  trace  of  oxide  of\  . 
iron,  and  vegetable  matter   .       /  " 

6-4  „ 

I  have  also  analyzed  the  water  at  Claremont.  I  have  not  been  able 
to  lay  my  hand  on  the  results  at  present.  To  the  best  of  my  recollection, 
it  greatly  resembled  that  from  Ascot,  and  at  any  rate  it  was  remarkably 
pure. 

12.  Have  you  had  any  occasion  to  examine  any  specimens  of 
Artesian-well  water? — Some  years  since  I  made  a  general  examination 
of  them,  but  they  have  since  been  more  minutely  analyzed  by  several 
persons. 

13.  Besides  the  Thames  water,  have  you  analyzed  any  of  the  streams 
contributing  to  the  Thames? — I  have  analyzed  the  water  of  the  Colne. 

A  gallon  gave  21  '3  grains  of  residue  by  evaporation. 
These  21 '3  grains  consisted  of — 

Carbonate  of  lime        .       .        .      18*1  grains 
Sulphate  of  lime  and  common  salt    .       3*2  ., 


21-3  „ 

The  suspended  impurity  was  0*1  of  a  grain  in  a  gallon. 

I  may  here  repeat  the  statement  which  I  have  already  made  with 
respect  to  Thames  water,  that  the  water  of  the  Colne  contained  also 
traces  of  magnesia,  silica,  oxide  of  iron,  and  organic  matter. 

Water  from  the  Otter  pool,  or  Main  Spring,  just  above  Bushy  Park. 

A  gallon  gave  by  evaporation  21*3  grains. 

These  21  "3  grains  contained — 

Carbonate  of  lime        .       .        .      is- 8  grains 
Sulphate  of  lime  and  common  salt   .  2*5 


n 


21-3  „ 

It  also  contained  traces  of  the  same  substances  as  above  mentioned 
with  respect  to  the  water  of  the  Colne. 

The  suspended  impurity  was  nearly  0*  14  of  a  grain  in  a  gallon. 

Water  from  the  Main  Stream  of  the  Valley,  or  the  Spring  which 

supplies  the  Colne. 

One  gallon  gave  by  evaporation  21  '8  grains. 
These  21  '8  grains  were  composed  of — 

Carbonate  of  lime        .       .       .      19.3  grains 
Sulphate  of  lime  and  common  salt   .  2*5 


5' 


21-S  „ 
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iiniips.     The  mechanical  impurity  amounted  to  0-2  of  a  grain  in  a  gallon. 

It  also  contained  traces  of  the  substances  found  in  the  above  described 
specimens. 

I  have  also  analyzed  the  spring  water  at  Claremont,  which  rises  in  a 
pond  at  abdut  two  miles  distance  from  the  house. 
A  gallon  of  this  gave  Ly  evaporation  5-7  grains. 
These  5  •  7  grains  consisted  of — 

Common  salt        .       .        .       .2-7  grains 
Sulphate  of  lime,  with  traces  of  silica,  1 

cxide  of  iron,  and  organic  matter  J  " 


It  may  be  proper  to  add  that  on  account  of  the  purity  of  the  water  of 
Bagshot,  Ascot,  and  Claremont,  it  was  found  that  the  lead  pipes  which 
conveyed  and  the  cisterns  which  contained  it  were  most  injuriously 
acted  upon  by  it. 


GEOLOGICAL. 

Memorandum  of  Robert  Austen,  Esq.,  Chilworth  Manor,  Guildford, 

Surrey. 

Mr.  Ansten.  My  LoRDS  AND  GeNTLEMEN, 

You  require  me  to  furnish  you  with  some  notes  on  the  area  of 
the  Bagshot  sands,  as  a  source  of  water  supply  for  London.  The 
points  to  which  you  more  particularly  call  my  attention  in  the  memo- 
dum  with  which,  you  furnished  me  yesterday  are  these — 

§  1.  The  probable  limits  of  the  gathering  ground. 

§  2.  The  points  where  the  water  specimens  had  best  be  taken. 

To  these,  therefore,  I  shall  confine  myself,  in  the  present  instance — 
§  1.  The  Bagshot  sands,  as  a  continuous  series  of  beds,  extend  from 
Esher  to  Strathfieldsaye,  east  and  west,  about  30  miles.  Their  width  is 
variable;  they  occur  norih  of  Virginia  Water,  and  their  most  southern 
point  is  on  the  summit  of  the  high  ground  above  Farnham.  If  we 
estimate  them  to  have  a  mean  breadth  of  ]0  miles,  they  will  cover  an 
area  of  300  square  miles. 

The  composition  of  the  beds  of  this  series  is  remarkably  uniform. 

a.  The  upper  portion  consists  of  pure  silicious  sands.  This  division 
attains  its  greatest  thickness  about  the  north  and  east  portion  of  the 
mass,  as  at  Bagshot  Heath,  Chobham  Ridges,  Romping  Downs, 
Finchhampstead  Ridges,  Hartford  Bridge  Flats.  These  sands  are  from 
200  to  300  feet  in  thickness. 

b.  Beneath  these  sands  is  a  retentive  stratum  of  marsh  and  clay, 
varying  from  5  to  15  or  20  feet  in  thickness. 

c.  The  lowest  portion  consists  of  white  and  pale  yellow  sands,  purely 
silicious  for  the  most  part,  the  subordinate  argillaceous  strata  being  at 
the  eastern  portion  of  the  map. 

§  2.  Over  the  areas  of  the  upper  and  lower  sands  much  rain-water  is 
absorbed  as  fast  as  it  falls.  That  of  (he  upper  sands  is  thrown  out,  and 
collected  over  the  surface  of  the  retentive  stratum,  No.  2.  At  the 
junction  of  the  two  all  the  streams  and  streamlets  take  their  rise,  and 
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til  is  same  retentive  stratum,  where  denuded,  supports  the  water  courses 
and  ponds  of  the  district. 

Water  also  collects  on  the  surface  of  the  upper  and  lower  sands, 
where  argillaceous  beds  occur;  some  portion  of  these  areas  miyhi, 
therefore,  be  made  available;  at  present  the  greater  portion  sinks 
away,  till  it  meets  with  the  next  water  level,  held  up  by  the  London 
clay,  on  which  the  whole  of  the  Bag^shot  series  rests. 

As  tbe  arrangement  of  the  strata  in  the  east,  south,  and  west  is 
basin-shaped,  few  or  \\o  springs  are  thrown  out  along  the  edge  of  the 
mass  on  these  sides,  so  that  the  accumulation  of  water  is  inwards. 

The  ridges  of  Esher  and  Claremont  may  almost  be  considered  as 
outlying-  masses,  cut  off  by  the  course  of  the  river  Mole.  The  drain- 
age from  this  portion  is  thrown  out  partly  in  Dittori  Marsh,  where 
specimens  of  the  water  can  be  obtained. 

On  the  west  end  of  the  mass  the  Blackwater  cuts  off  a  large  portion, 
and  carries  away  the  drainage  to  the  west  and  north. 

From  Ash  to  East  Hampstead  a  range  of  high  hills  belonging  to  the 
upper  sands  (Ash  Common,  Romping  Downs,  Chobham  Ridges,  East- 
hampstead  Plain),  form  a  parting  ridge  between  the  drainage  of  the 
Blackwater  and  that  which  flows  towards  the  river  Wey.  Being, 

My  Lords  and  Gentlemen, 

Yours  very  obediently, 

Robert  W.  Austen. 


To  the  Commissioners  of  the  General  Board  of  Health. 
Mt  Lords  and  Gentlemen, 

Since  I  communicated  to  your  Board  a  memorandum  respectin<i- 
the  situation  and  extent  of  an  area  of  uncultivated  land,  consisting  oV 
clean  silicious  sands,  and  calculated  to  afford  surface-water  in  a  state 
ol  purity,  I  have  again  gone  over  the  area  with  Professor  Ramsay,  of 
the  Geological  Survey,  for  the  purpose  of  pointing  out  to  him  that  the 
tract  in  question  presented  very  many  conditions  of  first  importance 
towards  the  collecti  ng  and  storing  of  water  in  large  quantities. 

As  Professor  Ramsay  was  personally  unacquainted  with  the  district, 
I  was  anxious  that  the  description  I  had  given  to  your  Board  should  be 
confirmed  by  some  independent  and  competent  authority  ;  and  I,  there- 
fore requested,  and  had  the  advantage  of,  Mr.  Prestwich's  company, 
whose  geological  inquiries  have  given  him  a  most  thorough  acquaint- 
ance with  the  mineral  structure  of  the  Bagshot  area. 

This  survey  has  tended  to  confiim  very  strongly  my  first  impression, 
that  the  area  I  have  laid  down  in  the  accompanying  sheet  of  the  Ord- 
nance survey,  and  which  is  the  same  as  that  which  I  pointed  out  on  the 
nrstday  on  which  I  attended  your  Board,  is  one  which  is  most  deserv- 
'"g  of  your  attention. 

^'f  fen  that  the  water  supply  is  proposed  to  be  taken  exclu- 
sively from  the  elevated  ground  north  of  Farnham,  from  the  Chobham 
tPnrr  '  I^omping  Downs,  as  well  as  from  the  high  land  ex- 

tending frona  Bagshot  Heath  to  the  Fox-hills,  near  Chertsey,  the  whole 
consti  m     T^'^  t^^^  l^^g-^'^^t  sands,  which 

TZ  lT        1  "''PT  ^^"'^  ^hose  composition  was  explained 

m  the  memorandum  above  alluded  to. 
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Mr.  AusttMi.  The  peculiar  advantages  which  this  area  presents  consist,  first,  in  the 
circumstance  that  great  quantities  of  water  can  be  collected  at  once  from 
streams  of  considerable  volume,  and  before  they  have  been  rendered 
impure  by  the  influx  of  the  sewage  of  inhabited  districts.  Secondly, 
that  the  surface-drainage  may  be  accelerated,  whereby  loss  by  evapo- 
ration will  be  diminished ;  and  lastly,  that  it  affords  considerable  facilities 
for  its  collection. 

Reservoirs  of  any  depth,  and  which  might  have  several  square  miles 
of  surface,  may  be  formed  over  a  stratum  of  retentive  ground  about  a 
mile  and  a-half  east  of  Chobham  Place.  In  like  manner  irreat  stores 
of  water  might  be  secured  by  the  adaptation  of  such  depressions  as 
those  at  Coldingly  Mooi-,  Haythorne  Moor,  and  one  other  further  north, 
to  receive  the  surface-water  of  the  east  of  the  Chobham  Ridge. 

Fleet  Pond,  which  serves  as  the  natural  reservoir  of  the  soakage  from 
the  high  tract  of  Farnham  Beacon,  may  be  enlarged  to  a  great  extent. 

I  more  particularly  attended  to  the  possibility  of  increasing  the  areas 
formed  for  collecting  the  waters  of  the  Ash  and  Romping-  Downs,  for 
the  purposes  of  the  high  level  of  the  Basingstoke  Canal,  and  I  pointed 
out  that  in  everv  instance  such  areas  might  be  enlarged  ;  to  this  I  con- 
ceive there  could  not  arise  any  objections  on  the  part  of  the  trustees 
of  ihe  said  navigation,  inasmuch  as  their  supply  would  thereby  be  ren- 
dered more  abundant  and  certain. 

Tlie  elevation  of  the  whole  of  the  district  I  have  indicated  is  a  most 
important  physical  feature,  with  reference  to  the  supply  of  London. 

In  suegesting  to  your  Board  that  the  district  is  one  most  deserving  of 
your  consideration,  I  would  point  out  that  the  amount  of  supply  will,  m 
a  great  measure,  depend  on  a  well-considered  plan  of  surface-drPinage, 
by  means  of  earthen  pipes,  the  success  of  which  will  depend  on  the 
application  of  physical  consideration  of  several  kinds. 

The  selection  of  specimens  of  water  should  be  made  only  under  the 
inspection  of  some  person  thoroughly  conversant  with  the  geological 
structure  and  mineral  composition  of  the  district,  and  any  less  accurate 
course  would  be  highly  dangeroufts^  at  a  time  when  there  are  so  many 
conflicting  opinions  and  interests  as  to  the  future  source  of  the  water 

supplv  of  London.  ,       a-  •  r 

Before  calling  for  more  accurate  data,  as  to  the  sufficiency  of  the 
supply  which  may  be  expected,  I  would  recommend  that  the  quahty 
be  ascertained,  distinguishing,  in  every  case,  between  surlace-drainage 
and  water  of  percolation.  Being, 

Yours  very  obediently, 
London,  March  1,  1850.  Robert  W.  Austen. 


Letter  from  A.  C  Ramsay,  Esq. 

Geological  Survey  of  Great  Britain. 
jNIr,  Kanisaj.  Merc/ili/n,  Conwaij,  North  Wales, 

  ,  ^  Mav  '25,  1850. 

My  Lords  and  Gentlemen,  '    _^        .  , 

In  accordance  with  an  application  made  to  Sir  Henry  de  la 
Beche  last  February,  I  proceeded  with  Mr.  Austen  to  examine  that 
district  in  Surrey  occupied  by  the  formation  known  to  geologists  as  the 
Ba^  hot  Sand,  with  th^  view  of  ascertaining  the  nature  of  its  gt.olog.cal 
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characteristics,  that  in  this  respect  you  might  be  the  better  enabled  to  Mr.  Rumsay. 
form  an  opinion  as  to  the  apphcabilit)^  of  part  of  the  areu  to  furnish  a 
supply  of  water  for  the  use  of  the  metropolis. 

The  length  of  this  district  is  about  30  miles,  and  the  average  width 
of  the  larg-er  portion  about  12. 

Its  geological  subdivisions  are, — 


.r1 


Upper  Bagsliot  SaiiU. 


Micklle  Bagshof,  Marls,  &c. 


Lower  Bagshot  Sand. 


u 

A  general  idea  of  the  n)anner  in  which  these  beds  appear  on  the 
surface,  will  be  obtained  from  the  appended  horizontal  section.  Their 
mineral  structure  is  as  follows : — 

1st.  Upper  Bagshot  Sand- — generally  a  fine  light  brown  sand,  some- 
what of  the  colour  of  i>ale  brown  sugar.  It  appears  (as  far  as  can  be 
determined  without  absolute  analyses)  to  be  nearly  pure  silicious  sand, 
slightly  coloured  by  an  oxide  of  iron. 

2nd.  The  Middle  Bagshot  beds,  from  20  to  30  feet  thick,  generally 
composed  of^ — 


1* 


A  green  sandy  bed  (probably  coloured  by  silicate  of  iron,  and 
composed  of  the  waste  of  the  green  sar)d  of  the  chalk  formatious.) 


White  and  pale  yellow  foliated  marls. 


'  i3rd.  Lower  Bagsliot  Sand— mostly  silicious  sand,  of  somewhat 
similar  texture  to  the  Upper  Bagshots,  and  darker  in  colour. 

The  Middle  Bagshots  (2),  form  an  irregular  and  generally  narrow 
baud,  resting  on  and  contained  within  a  wide  area  composed  of  the 


202         On  Gcolo(jical  Character  cf  Bucjshot  District. 

-Mr.  w.y.  lower  sands.  The  Upper  Ba-shot  Sand,  for  the  most  part,  occ  upies 
the  hi^-her  grounds  within  this  band,  such  as  Ron.pin-  Downs,  Cllob- 
ham  Ridges,  &c.,  &c.  For  these  and  other  physical  reasons  (such  as 
Us  waste  character,  &c.),  it  would  probably  be  for  the  most  part  desi- 

""''^^  contained  within  the  circumference  of  the 
Middle  Bagshot  marls  for  the  collection  of  water  from  the  surface 

The  whole  series  is  often  obscured  by  a  superficial  coverir.g  of  loose 
sand  and  gravel,  varying  in  thickness  from  a  few  inches  to  20  or  30 
teet,  and  this  in  the  higher  waste  grounds  is  generally  ovemrown  by  a 
thin  covering  of  heath.  As  far  as  I  am  aware  no  deep  extensive  mosses 
exist,  or  are  common  in  the  district. 

Owing  to  the  incoherent  texture  of  the  Upper  and  Lower  Bagshot 
bands,  they  are  easily  percolated  by  water,  so  that  a  lar-e  proportion 
of  the  rain  that  falls  on  the  district  must,  necessarily  in  the  first  in- 
stance, be  absorbed.  This  circumstance  is  rendered  apparent  bv  the 
^ct  that  the  smaller  valleys  branching  out  on  either  side  of  Cliobham 
Ridges  were,  when  visited  by  me.  destitute  of  brooks.  The  water  so 
absorbed  is,  however,  checked  in  its  downward  course  bv  the  Bacshot 
marls  (2),  and  when  the  disposition  of  the  strata  is  favorable,"it  is 
thrown  out  to  the  surface  at  the  junction  of  these  marls  with  the 
Upper  Sands  (1),  forming  a  series  of  springs  round  the  retentive 
marly  outcrop,  and  frequently  collecting  in  pools  of  considerable  area 
when  partially  intermingled  with  the  surface  drainage.  (See  Appendix, 
diagram  No.  2). 

Notwithstanding  the  apparently  purely  silicious  nature  of  the  Upper 
Bagshot  Sand,  experience  nevertheless  shows,  that  in  wells  sunk  in  it, 
the  water  attains  a  considerable  degree  of  hardness. 

This  fact  was  stated  to  me  by  Mr.  Prestwich,  whose  knowledge  of 
the  geological  structure  of  the  country  is  exceedingly  minute ;  and  the 
circumstance  was  further  corroborated  by  the  practical  experience  of 
the  landlord  of  the  "  Tumble-Down-Dick,"  who  was  in  the  habit  of 
sending  his  horses  to  water  at  the  neighbouring  pool,  in  consequence 
of  their  being  griped  by  his  well  water.    This  hardness  must  arise 
from  the  diffusion  of  carbonate  of  lime  throughout  the  sand  in  quan- 
tity, which  though  too  minute  to  be  detected  in  ordinary  specimens,  is 
yet  sufficient  to  affect  the  rain  water  percolating  a  sufficient  area  and 
depth.    As  might,  under  these  circumstances,  be  expected,  the  springs 
that  break  out  at  the  junction  of  the  Upper  (1)  and  Middle  Bagshot 
beds  (2)  are  also  somewhat  hard,  and  sometimes  possess  a  chalvbeate 
taste,  the  latter  quality  being  probably  induced  by  the  percolation  of 
water  through  the  green  sand  which  forms  the  upper  bed  of  the  Middle 
Bagshots.    (See  1*,  above.) 

Nevertheless  the  water  of  all  the  pools  visited  by  me  (viz.  Mitchet- 
pool.  Wharf-pond,  Fleet-pond,  Flutters-hill-pond,  Gracious-pond,  &c.) 
seems  (as  far  as  could  be  judged  on  the  spot  without  the  means  of 
absolute  testing)  to  be  of  soft  quality,  and  it  would  therefore  appear 
that  in  the  main  the  pools  are  principally  replenished  by  surface 
drainage.  They  were  also  invariably  sweet  and  pleasant  to  the  ta«;te, 
altogether  different  from  any  of  the  ordinary  London  waters  wiih  which 
I  am  acquainted,  and  reminding  me  in  this  respect  of  the  pure  waters 
of  North  Wales. 

The  surface  sand  and  gravel  which  covers  the  larger  part  of  this 
district  is,  in  a  great  measure,  composed  of  the  dctrilal  waste  of  the 
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underlying  beds  of  Bagshot  sand  ;  and,  from  its  apparent  quality,  the  Mr.  Ramsiiy. 
surface  drainag-e  might  be  expected  to  be  generally  free  from  calcareous 
impurities,  any  little  lime  that  may  once  have  been  intermingled  with 
the  surface  detritus,  having  probably  long  since  been  carried  off  ir 
solution. 

The  summit  level  of  the  canal  at  Wharf-pond  (which  is  fed  by  fne 
overflow  of  the  canal),  should  afford  a  perfect  test  of  the  quality  of  the 
surface  drainage  of  the  district,  the  canal  being  there  necessarily  exclu- 
sively supplied  with  water  from  that  source.  It  appeared  to  me  that 
it  did  not  differ  in  quality  from  the  water  of  the  other  pools  to  which  I 
have  already  alluded. 

The  entire  area  of  the  Upper  Bagshot  Sand  is  probably  somewhat 
between  80  and  100  square  miles.  The  average  quantity  of  water  now 
carried  oflf  in  streams  from  this  area,  and  any  portion  of  the  Lower 
Bagsfiot  Sands  that  may  be  considered  available  ;  also  the  proportion 
of  this  district  that  may  be  available  for  the  increased  collection  of  water 
by  surface  drainage,  together  with  the  facilities  for  increasing  the  areas 
and  depth  of  pools,  &c.,  where  it  may  be  collected,  would  be  easily 
ascertainable  in  the  event  of  the  execution  of  accurate  topographical 
and  other  surveys  of  the  district.  These  being  purely  engineering 
points,  the  nature  of  ray  investigations,  and  my  necessarily  limited  stay 
on  the  ground,  did  not  permit  me  to  form  any  precise  opinion  regarding 
them. 

I  have  the  honor  to  be, 

My  Lords  and  Gentlemen, 

Your  most  obedient  servant, 

Andrew  C.  Ramsay. 

To  the  General  Board  of  Health, 

Gwydyr  House,  WJiitehall. 


MISCELLANEOUS. 


J.  M.  Paine,  Esq.,  of  Farnham,  examined. 

What  is  the  population  of  the  town  of  Farnham  ?— The  town  has  a 
population  of  about  3,500 ;  the  parish  a  population  of  7,000. 

How  many  houses  are  there  in  the  town  ? — 740. 

How  many  houses  do  the  Water  Company  supply?— 116;  but  the 
poor  people  have  the  water  for  nothing,  in  any  quantity  they  please,  from 
their  neighbours. 

What  are  the  terms  of  supply?— I  will  put  in  the  following  table  :— 

Farnham  Water  Company. 
Terms  for  supplying  the  Inhabitants  of  Farnham  loith  soft  Water. 
For  ordinary  Domestic  Purposes. 

Per  Quarter. 
s.  d. 

Houses  of  the  first  class  ...       5  0 
> ,  second  ditto      .       .       4  0 

, ,  third  ditto        .       .       3  0 

5 .  fourth  ditto       .       .        2  0 

And  where  water  is  required  for^the  purpose  of  domestic  brewin-  or 
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washing,  or  for  a  water-closet,  an  additional  fourth  part  of  the  first 
charge,  accordins?  to  the  class  ot  the  house,  for  each  purpose. 

Public  brewers  25*.  per  annum,  and  for  every  additional  house  for 
the  sale  of  beer  supplied  by  them  15*.  more,  beyond  the  ordinan, 
class  charo-es  for  domestic  purposes  and  washing. 

Licensed  victuallers  25*.  per  annum  for  brewing,  beyond  the  class 
charges  for  domestic  uses,  and  washing  and  water-closets ;  and  20*.  for 
yard  purposes — first  class,  7*.  second  class,  and  5*.  third  class. 

Maltsters  25*.  per  annum  for  each  malt-house. 

Washing-women  20*,  per  annum. 

All  water-rents  to  be  payable  quarterly,  and  in  advance,  and  each 
consumer  to  sign  an  undertaking  to  abide  by  the  terms  of  the  Company. 

Wm.  Mason, 

15f/i  Aicgust,  1836.  Secretary  and  Acting  Manager. 

At  this  rate  of  charge  the  Company  now  receives  5  per  cent,  dividend 
per  annum  on  the  total  outlay. 

Farnham  is  situated  on  the  Chalk,  is  it  not?— The  greater  part  of 
the  town  of  Farnham  is  below  the  "  Chalk,"  it  being  situated  upon  a  bed 
of  gravel  lying  upon  the  upper  part  of  the  "  Lower  Green  Sand.'  The 
parish  of  Farnham  comprises  the  whole  of  the  chalk  formation,  together 
with  part  of  the  Lower  Green  Sand  on  the  south,  and  the  London  clay 

on  the  north.  r     u  ? 

Was  it  not  the  original  source  of  the  supply  of  water  for  the  town  ^— 
The  town  was  always  abundantly  supplied  with  good  hard  spring-water, 
obtained  from  wells.    This  supply,  of  course,  still  remains. 

Will  you  describe  the  circumstances  which  led  to  the  change  ot  the 
source  of  supply  ?— Soon  after  the  introduction  of  gas  into  the  town, 
about  15  years  since,  my  father  and  one  or  two  other  influential  inha- 
bitants thought  it  would  also  answer  well  to  bring  the  soft  water  from 
the  waste  commons  on  the  north  of  Farnham  into  the  town  Which  would 
afford  a  constant  supply  of  pure  soft  water  to  the  top  of  every  house 
The  proiect  was  successfully  carried  into  execution.  This  water  had 
always  been  used  in  comparatively  small  quantities  for  washing  purposes 
from  time  immemorial,  there  being  a  small  reservoir  in  the  town  which 
received  the  superfluity  of  water  from  the  Castle,  the  residence  of  the 
Bishop  of  Winchester.  From  this  reservoir  the  inhabitants  were  accus- 
tomed to  fetch  it  in  water-ban^ls.  The  superior  properties  of  the  water 
for  washing  purposes  have  therefore  long  been  appreciated.  The  present 
supply  is  abundant  and  continuous,  and  might,  if  required,  be  increased 
to  double  the  quantity  at  the  expense  of  a  few  pounds. 

Will  you  describe  the  nature  of  the  ground  which  you  have  taken  as 
a  iratherine  -round  ?— A  grant  of  20  acres  was  made  by  the  Bishop  ot 
wWe?,  as  lord  of  the  manor,  and  a  small  portion  of  that  ground, 
some  two  or  three  a-cres,  were  drained.  j    •    j  p    n  i 

What  was  the  condition  of  that  ground  before  it  was  drained  -It 
was  a  peaty  bog,  resting  on  a  gravelly,  sandy  subsoil,  that  again  restuig  on 
u  stibsLtumofLondotclay'  It  was  such  a  boggy  or  marshy  sudace  as 
sportsmen  would  understand  if  it  were  called  ''  snipe-shooting  ground  ! 
^  What  sort  of  drains  did  you  put  in  ?-The  ordmary  earthen  p.pe  ararns^ 
Thr  sand  is  of  a  very  loose  character,  so  that  it  has  frequently  choked 
up  the  drains,  making  it  necessary  that  two  or  three  times  they  should 
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be  taken  up.    Subsequently,  however,  the  main  drains  were  formed  of  Mr.  I'aine. 
iron  pipes,  the  au.\iliary  drains  still  remaining  of  ordinary  earthen  pipes. 
If  the  work  had  to  be  done  again,  superior  earthen  pipes  should  be  used, 
as  a  better  kind  is  required  to  resist  the  pressure.    Some  of  the  pipes 
had  become  soft  as  clay,  having  been  badly  burnt. 

What  is  the  size  of  your  brancK-drains  ? — ^The  branch-draiius  are  four 
inches,  and  the  trunk  eight. 

What  is  the  fall  ? — From  the  top  of  the  common  to  the  market-house, 
in  the  centre  of  the  town,  it  is  280  feet.  The  water  runs  from 
this  gathering-ground  to  a  small  reservoir  on  the  common.  This, 
reservoir  consists  of  a  small  tank  into  which  tbe  water  flows,  and  from, 
thence  it  is  conveyed  by  iron  pipes  into  a  large  tank  near  the  Castle  gate. 
The  tank  contains  about  l,0,OO.hogsheads,  or  60,000  gallons. 

Then  those  houses  which  require  it  are  large  houses  i* — Yes;  most  of 
the  cottagers  have  the  water  for  nothing. 

Are  the  wells  still  used  in  the  town  ? — Yes,  but  the  water  is  never 
used  for  brewing  or  household  purposes.  I  have  never  heard,  however, 
of  new  wells  being  sunk  since  the  waterworks  were  established. 

Farnham  lying  on  the  chalk,  and  the  water  being  very  hard,  did  not 
the  people  find  the  difference  between  it  and  the  soft  water  so  important 
that  they  sent  carts  as  far  as  a  mile  to  fetch  the  latter  ? — Yes ;  and  the 
superfluous  water  from  the  Castle  has  been  used  by  them  from  time  ira- 
memorial. 

Are  you  aware  that  the  tea  at  the  Bishop's  Castle  at  Farnham  has 
been  always  admitted  to  be  of  very  excellent  quality  ?— Yes,  the  green 
tea  has  always  been  considered  very  excellent ;  and  since  the  soft  water 
has  been  introduced  into  Farnham,  a  great  difference  has  been  found  in 
the  quality,  and  also  that  a  less  quantity  of  tea  has  been  required. 

What  would  you  describe  as  the  effect  ?— Three  cups  may  be  pro- 
duced with  soft  water  of  equal  strength  to  two  with  hard  water,  using  of 
course  the  same  quantity  of  tea. 

You  think  that;  a  fair  popular  statement  ?— Yes  ;  but  there  will  be 
the  difference  in  a  superior  flavour  in  addition,  which  is  very  distin- 
guishable with  soft  water. 

Do  you  know  anything  of  its  use  in  cooking  ?— Nothing  particular  ; 
m  1  know  It  IS  preferable  for  cooking  vegetables.  I  only  know  that 
now  hard  water  is  never  used  except  by  those  who  prefer  it  for  drinking, 
acid  gls    ^  """"^  ^  ^'^^^^  "'"''^  sparkling  from  the  carbonic 

.  Do  you  not  think  that  the  coldness  of  the  soft  water  mic^ht  be 
ncreased  by  extra  care  in  the  delivery  of  it?-My  impression  is  that 
nevpr?  ?  ^e^^arkably  cold  for  a  supply  of  such  a  description.  I 
W  nnrw'  elsewhere.  This  is  owing  to  our  pipes  running 

noTimbfbVfn"    '  '''''''^      ^  reservoir:  thus  it  doe! 

noiimbibe  any  warmth  from  the  atmosphere. 

havehp/"^  this  water  originally  collected  from  a  spot  which  miaht 

What  \         '^^^^  "  «"^P^-^h°«ting  ground  ?"-It  was.  °  . 

drained  it  '^'"^"'^^e  on  the  surface  ?-It  completely 

siSr  Io^wTm^  originally,  what  was  its  appearance ?-Verv 

a  biown  sh  ap„  aJancV  ^t^'f  ''''  Blackwater  River  to  have  :  it  haci 
surface,     cXes       "n^^!  ,       '  ^^^V^      "^^ained  from  under  the 
c.,  It  comes  out  quite  clear  ;  and  that  induces  me  to  believe  that 
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r^ne.  water  obtained  from  under  drainage  would  get  rid  of  all  vegetable  im- 
purity and  come  up  perfectly  clear. 

The  Farnham  water  was  '(ir.st  noticed,  was  it  not.  by  Professor  Way 
from  its  pureness  ?— Yes.  He  was  performing  some  experiments,  for 
which  he  wanted  distilled  water.  I  directed  his  attention  to  our  soft 
water,  which  surprised  him  by  its  purity.  He  tried  it,  and  found  it  ! 
to  be  nearly  as  pure  as  distilled  water,  and  it  answered  the  purpose  for 
which  he  required  it. 

Then  this  pipe-drainage  has  not  only  collected  the  water  in  greater 
quantity  and  brought  it  to  this  state  of  purity,  having  no  taste  or  j 
colour  left,  but  it  has  also  altered  the  surface  of  the  ground,  too  ? — Yes ;  ' 
and  it  has  rendered  the  ground  fit  for  cultivation  which  was  previously 
unsuited  for  that  purpose.    Some  is  in  grass,  and  other  portions  are:i 
used  as  garden-ground. 

Have  you  observed  anything  to  induce  you  to  believe  that  the  same 
results  might  not  be  obtainable  from  an  extension  of  subsoil  or  agricul- 
tural  drainage  over  the  whole  of  this  district?— No  ;  we  have  specimens, 
of  water  taken  a  mile  apart,  and  precisely  the  same  in  character. 

At  what  points  was  this  water  taken  ? — From  three  points ;  one  from 
which  the  Bishop's  supply  is  taken,  and  from  two  other  places  on  either 
side,  each  about  half  a  mile  from  the  other.  All  the  waters  were  equally 
pure. 

For  how  many  houses  does  this  drainage  of  two  acres  give  you  a 
supply? — For  IIG  houses,  night  and  day;  and  they  do  not  use  half  the 
supply  that  is  obtained ;  and  the  addition  of  a  drain  from  one  point 
miglit,  for  an  outlay  of  10/.,  give  double  the  quantity  we  now  have,  if 
necessary. 

Have  you  met  with  any  instances  of  the  soft  water  passing  over  chalk 
becoming  hard  in  the  course  of  a  short  distance? — Yes;  when  it  passes 
through  about  a  quarter  of  a  mile  of  chalk  it  becomes  intensely  hard. 
We  have  an  example  where  the  soft  water  runs  into  a  swallow  hole  into 
the  chalk,  and  it  rises  again,  about  a  quarter  of  a  mile  eastward,  in  a 
pond,  where  it  comes  out  intensely  hard.  That  is  aii  instance  of  the 
hardest  water  we  have. 

Do  you  think  that  the  whole  surface  of  this  district  would  give,  acre 
for  acre,  a  similar  quantity  to  this  ? — No  ;  if  I  were  to  drain  the  whole 
of  the  hill  I  would  only  lay  pipes  round  the  sides  of  the  hill,  and  thus 
get  the  natural  drainage.  The  water  would,  in  fact,  be  naturally 
drained  to  those  spots,  which  would  be  indicated  by  the  marshy  appear- 
ance of  the  surface. 

Has  there  been  any  experience  as  to  the  effects  of  the  water  in  re- 
spect lo  the  furring  of  kettles? — I  have  inquired  of  the  plumbers,  &c., 
in  the  town,  whose  business  it  is  to  clean  boilers,  kettles,  &c.,  and  they 
all  agree  that  our  hard  water  furs  very  mucli,  while  the  sofi  water  from 
the  commons  scarcely  leaves  any  fur  at  all.  I  may  mention  as  an 
illustration,  one  of  them  told  me  that  my  own  boiler  at  my  late  resi- 
dence, which  is  supplied  with  hard  pump  water,  lequires  cleansing  once  in 
three  months ;  while  that  of  the  Bishop  of  Winchester,  which  is  supplied 
with  the  "  commons"  soft  water,  does  not  require  cleansing  more  than 
once  in  LS  or  14  years.    In  my  present  residence  I  use  the  soft  water. 

What  are  the  results  as  regards  brewing:' — My  own  experience,  as 
well  as  of  the  brewers  and  inhabitants  generally,  is  decidedly  in  favour 
of  the- soft  rather  than  of  the  hard  water  of  the  town. 
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Has  there  been  any  experience  also  as  to  the  efFeets  on  cattle  of  hai-d  Mr.Paine. 
and  soft  water? — All  farmers  prefer  soft  water  for  their  cattle.  The 
people  who  live  upon  onr  commons  state,  that  when  their  horses  drink 
our  chalk  water,  or  the  water  from  the  River  Wey,  it  disagrees  with 
them,  and  often  causes  what  is  termed  the  "  fret." 

Then  the  supply  to  the  Bishop's  Palace  is  constant? — Yes;  but  it 
has  no  connexion  with  the  town  supply.  It  is  derived  from  another 
"^tapjiing"  of  the  hill. 

Is  the  water  conveyed  there  through  lead  pipes?— -Yes. 

Your  supply  also  is  through  many  leaden  pipes  in  the  town? — The 
mains  are  of  iron,  but  the  pipes  which  convey  the  water  into  the  houses 
are  of  lead. 

Have  you  heard  of  any  casualties  from  the  effect  of  the  soft  water 
upon  these  leaden  pipes  ? — I  am  not  aware  of  any  having'  happened ; 
the  supply  is  constant,  and  consequently  there  is  no  need  of  cisterns. 

How  long  has  the  supply  been  in  existence  at  the  Bishop's  Palace? 
— I  should  say,  200  years,  or  perhaps  more. 

How  long  has  your  own  supply  been  in  operation  ? — Since  1837. 

You  are,  I  believe,  a  native  of  Farnham,  and  acquainted  as  an  agri- 
culturist with  all  the  country  around  ? — Yes. 

From  how  many  miles  of  surface,  as  far  as  you  have  observed, 
can  a  similar  supply  to  that  of  Farnham  be  obtained  ? — I  should  say' 
from  a  district  of  15  miles  in  length,  and  varying  from  3  to  6  miles  in 
breadth,  lying  between  Farnham  and  Wokingham. 

Is  that  the  white  sand  district  ? — It  is  commonly  known  as  the  Bag- 
shot  sands;  but  I  must  add,  that  when  there  is  a  great  depth  of  sand, 
water  is  not  obtainable  by  drainage,  and  it  is  useless  to  drain  unles.s 
you  have  an  impermeable  sub-stratum  for  the  drains  to  rest  on. 

Is  there  a  great  quantity  thrown  off  tiie  surface  ?— Yes,  I  have  seen 
quite  a  river  flowing  from  it  after  a  thunder  storm  from  those  parts  of 
the  commons  which  have  a  sub-stratum  of  clay  at  a  moderate  depth. 

And  was  that  such  water  as  would  admit  of  filtration.?— Yes,  and  it 
would  thus  be  deprived  of  its  vegetable  peaty  quality. 

Might  it  be  cleared  of  the  peat?— If  1  wished  to  have  water  from  off 
this  district  I  should  break  up  the  heath  and  allow  the  water  to  go  under 
ground  and  catch  the  water  in  drdns,  I  believe  it  would  then  come  out 
perfectly  clear. 

It  has  been  stated  to  us  by  our  agricultural  surveyor  (Mr  Donald- 
son),  that  this  peat  is  so  thin  that  it  mio-ht  be  peeled  off  very  easily  ?  — 
Yes,  It  IS  very  thin  at  those  parts  whence  we  obtain  our  supply,  but 
b  tween  Aldersho  t  and  Cove  the  Eelmore  Bogs  have  a  thick.fess  of 
iro tn  8  to  10  feet  deep,  but  the  surfoce  of  it  might  easilv  be  striniied 
»nd  the  peat  might  be  sold  and  pay  the  expense  of  the  pi^cess.  From' 

gathereT  ^  ^  ^^"^^  '""'^^^  "^^S^t 

Then  the  surface  might  be  cleared  at  very  Httle  expense  '—Yes  for  n 
V  ry  ew  pounds  indeed  :  about  2/.  an  acre  on  an  average  but  when  the 
pay  thet'p'ent  ^^^^^e  peat  wlt^d 

tairdv  C  ^'T  ^r^^^'^'  ^^""'^  >"  il^e  ^listrict  ?-Cer- 

beds  of  iron  stt^^^^  '^^^'^  »--y 
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Have  you  seen  any  reason  for  believing  that  if  the  laud  were  drainer! 
it  would  diminish  the  taint  of  iron  if  it  should  be  found  expedient  \ . 
use  the  red  sand  wastes  as  gathering  grounds  ?— I  have  seen  at  some 
six  or  seven  miles  south-east  of  Farnham  the  water  come  out  pure 
from  the  lower  green  sand,  but  it  comes  through  a  broken-up  soil  of 
diluvial  grit  similar  to  that  on  the  north  side  of  Farnham,  and  that  has 
also  been  reputed  soft  and  useful  for  domestic  purposes. 

Have  you  any  notion  of  the  proportionate  quantity  of  rain-fall  which 
might  be  derived  from  the  lands  of  the  district  under  consideration  ? — 
Within  the  vicinity  of  Farnham  we  have  a  less  quantity  of  rain  than 
at  some  seven  or  eight  miles  distance.  Towards  Woking,  in  showery 
weather,  they  have  much  more  rain  than  we  have. 

Do  you,  on  the  whole,  think  the  estimate  an  mifair  one  that  one- 
third  the  quantity  of  rain-fall  is  obtainable  by  draining? — I  think  f 
the  subsoil  prevents  the  permeation  of  the  water,  more  is  evaporated. 
It  is  impossible  to  lay  down  any  general  rule. 

Since  you  have  drained  the  portion  of  land  for  the  supply  of  your 
town,  does  less  water  lie  on  the  surface? — None  is  to  be  seen  on  the 
surface,  as  it  goes  into  the  drains.  A  great  quantity  of  water  is  lost 
if  the  drains  are  not  deep  enough.  If  we  were  to  put  other  drains 
underneath  the  present  ones,  we  should  catch  much  more. 

Then  your  own  view  is,  that  your  works  were  first  rude  suggestions, 
and  might  now  be  much  improved? — Very  much;  they  cost  us  2,040/., 
and  if  the  work  were  to  be  done  de  novo,  we  miglil,  do  it  for  1,200/. 
and  get  more  water. 

With  respect  to  the  ground  which  you  describe  as  having  been  in  its 
original  state  a  snipe-shooting  ground,  how  much  more  water  do  you 
think  has  been  obtained  by  drainage  than  could  have  been  obtained  by  a 
discharge  of  mere  surface  water,  after  allowing  for  surface  evaporation  ? 
— There  is  no  comparison  between  the  two,  as,  in  the  one  case,  we  had  only 
the  water  which  flowed  from  the  immediate  surface,  whereas,  by  drain- 
age, we  have  obtained  the  water  from  a  much  larger  extent  of  ground. 

Suppose  you  took  gaugings  of  the  principal  outfalls  prior  to  the. 
drainage,  and  those  derived  from  the  district  uncultivated  and  unworked, 
for  water  purposes,  could  you,  from  your  own  observation,  form  any 
notion  of  the  proportionate  difference  of  that  produced  from  the  whole 
drained  surface,  compared  with  land  in  its  undrained  condition  ? — E 
can  judge  to  a  great  extent  from  common  observation,  as  the  flow  of 
water  is  now  very  much  larger  from  the  drained  ground  tlian  what 
seemed  to  flow  from  the  same  spot  before  drainage. 

Of  course  since  the  draining  the  water  does  not  lodge  any  longer  on 
the  surface,  and  as  the  bog  has  entirely  disappeared,  all  the  bog  evapo 
ration  must  be  saved  ? — Yes ;  the  soil  is  so  porous  that  if  you  drain  it 
underneath,  so  as  to  allow  the  water  to  pass  oft"  as  it  falls  through,  very 
little  is  lost  by  evaporation,  and  I  believe  that  kind  of  soil  spreads  over 
a  large  portion  of  this  district  of  country. 

Then  you  see  nothing  to  effect  the  conclusion  that  by  like  care  being 
extended  over  the  whole  district,  some  15  miles  long,  to  from  three  to 
six  or  seven  miles  wide  (thus  making  some  80  square  miles  of  gathering 
ground),  water  of  a  similar  quality  to  that  delivered  in  Farnham  would 
be  obtainable  ? — I  think  so ;  but  I  should  not  drain  the  whole  surface 
of  the  district,  but  only  those  spots  where  water  is  found  to  ooze  out  at 
the  sides  of  elevations. 
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Have  yoii  bad  instances  of  losing-  large  quantilies  of  water  through  Mr.  I'aiue. 
swallow-holes  ? — Swallow-holes  are  not  found  in  this  stratum  :  they  are 
numerous  in  this  neighbourhood  below  the  plastic  clay  which  lies 
immediately  above  the  chalk,  and  here  large  streams  disappear  beneath 
the  surface.  But  a  very  considerable  quantity  of  water  will  disappear 
sometimes  when  it  passes  through  a  bed  of  gravel,  and  will  sink  to  a 
considerable  depth,  while  it  will  re-appear  again  in  land  at  some  dis- 
tance. The  best  plan  would  be  to  drain  the  outskirts  of  the  London 
clay,  and  by  that  means  the  whole  of  the  water  would  be  obtained. 

If  there  were  any  selection  to  be  made,  of  course,  from  your  expe- 
rience, you  could  easily  avoid  particular  beds  of  a  peaty  character,  or 
where  iron  existed,  or  which  might  otherwise  be  objectionable,  und  only 
take  those  portions  which  would  supply  pure  water? — Yes  ;  the  selec- 
tion might  be  entirely  under  one's  own  control,  by  allowing  no  water  to 
be  gathered  from  these  undesirable  spots. 

Then,  with  these  proportions,  you  think  it  practicable  to  preserve  the 
purity  of  the  water,  equal  to,  if  not  superior,  to  that  now  supplied  at 
Farnham?  — I  think  the  whole  of  the  hill  from  which  we  derive  our 
small  supply,  would  furnish  a  great  quantity  of  the  same  kind  of 
water,  particularly  on  the  north-west  side,  which  already  discharoes 
a  copious  supply  into  Fleet  Pond  and  the  Basingstoke  Canal ;  and 
I  infer  from  the  similarity  of  the  super  and  subsoils,  the  same  descrip- 
tion of  water  might  be  obtained  from  the  whole  of  the  white-sand 
district  in  the  dfrection  of  Wokingham. 

Is  there  the  same  appearance  of  vegetation  over  the  whole  district? 
— Yes  ;  and  the  same  geological  appearance. 

Has  not  the  water  in  the  Basingstoke  Canal  the  same  peaty  tinge  as 
the  water  on  your  Farnham  gathering  ground,  prior  to  drainao-e,  had 
— Yes,  very  much  so. 

Have  you  followed  the  old  system  with  regard  to  the  distributory 
apparatus.''— We  have  simply  branch  service-pipes  runnino-  into  the 
houses  at  right  angles  Avith  the  mains.  * 
_  What  is  the  greatest  pressure  of  your  water  in  the  town  ?— I  should 
imagine  that  the  larger  reservoir  at  the  castle  gates  is  about  40  feet 
higher  than  the  highest  house,  and  the  water  comes  out  with  oreat 

Have  you  had  fires  lately  in  the  town?— We  have  had  two  fires 
since  this  supply  of  water,  and  they  were  both  estinauished  by  its 
means  ;  and  though  there  was  a  large  draught  of  water  from  our  tanks 
on  he  occasion,  we  were  not  obliged  to  shut  up  the  works  in  order  to 
nil  the  reservoirs  again. 

As  far  as  you  have  observed,  the  character  of  the  soil  in  the  district 
En  p''V'P  ^^^-^  ^^hich  your  supply  is 

LondonTw''^  VI  «^  8-ravel,  and  clay,  resting  in  the 

■i^onclon  clay,  and  the  depth  varies  verv  much 

been  frJn^?  ""^^  ^"""""^  P^P'^^  •    billows  have  sometimes 

ageP-Tes'  P^^''  "''^       agricultural  drain- 

the^km,"n  F^ented  by  the  use  of  impermeable  pipes  within 

om  d  0  larfbed  f'V"°''  trees  ?-Yes.  I  have  been  accus- 
werrlilbleToLl^eddrs!^  ™^ '^^'"^  ^^'^--^--^ 
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Experience  on  Filtration  of  Manures. 


Mr.uu.c.  It  has  been  stated  that  the  quantity  of  water  is  increased  bv  wood, 
and  that  more  falls  on  forest  land  than  on  ordinary  cultivated  ground''^ 
—Yes.  More  falls  and  less  is  lost.  Mr.  Lawes  has  made  some  ex- 
periments with  difrereiit  kinds  of  pUvnts,  and  grasses,  and  evergreen- 
trees,  the  result  of  which  shows  that  fast-i^rowing  plants  within  a 
limited  period,  such  as  barley,  oats,  and  wheat,  evaporate  through 
their  leaves  a  much  larger  proportion  than  forest  trees,  and  that  ever- 
greens evaporate  very  little.  The  law  seems  to  be  this,  that  rapidity 
ot  growth  IS  coincident  with  a  large  evaporation  of  water. 

Therefore  you  infer  that  if  land  is  cultivated  for  corn  land  more  water 
IS  taken  from  the  soil  than  under  heath  cultivation  or  the  g-rowth  of  fir- 
trees  ?— Yes.  ^ 

Would  you  not  be  afraid  of  taking  a  portion  of  the  water  from 
ground  used  as  garden-ground  ?— No,  not  at  all,  if  there  is  sufficient 
clay  in  the  soil  to  absorb  the  ammonia.  I  have  some  clay  soil  of  mv 
own,  where  I  have  put  a  large  quantity  of  guano;  but  the  water 
flowing  from  my  drains  is  quite  free  from  ammonia. 

Then  you  would  not  be  afraid  of  the  quality  of  water  obtainable  by 
deep  drainage  being  deteriorated  by  proper  surface  manuring? — Not  in 
such  soils  as  the  garden-ground  on  our  commons,  which  has  clay  in  it. 
It  would  have  no  effect  in  clayey  soils,  but  in  gravelly  or  sandy  soils 
the  water  would  run  through,  unless  there  was  enough  clay  in  it  to 
arrest  the  ammonia. 

Then  all  your  experience  corroborates  Professor '«VYay's  experi- 
ments?— Most  decidedly  so. 

What  quantity  of  land  do  you  farm? — Some  600  or  700  acres.  I 
have  a  great  quantity  of  hop-grounds,  which  require  large  quantities  of 
manure. 

There  is  a  very  cheap  mode  of  distributing  clay  with  sand  over  the 
surface  by  means  of  a  jet.  Have  you  had  any  means  of  considering 
how  far  that  mode  might  be  made  available  to  form  a  surface  for  the 
discharge  of  water  for  drainage  purposes? — I  have  not  had  the  subject 
before  called  to  my  attention ;  but  I  cart  clay  upon  my  sandy  soils. 

Have  you  tried  experiments  on  the  effect  of  the  filtration  of  manures 
through  different  soils  ? — Occasionally. 

Have  you  tried  experiments  with  regard  to  the  detention  of  manure 
on  the  principle  proposed  by  His  Royal  Highness  Prince  Albert,  by 
means  of  filtration  through  ashes  ? — Yes,  I  have  tried  experiments 
which  were  on  the  same  principle,  some  time  since,  only  my  filtratious 
were  downwards,  whereas  His  Royal  Highness's  proposal  was  that  the 
liquid  should  be  forced  upwards  through  the  ashes.  My  plan  was  to 
pump  the  liquid  upon  the  ashes  ;  that  liquid  consisting  of  the  urine  of 
some  300  or  400  sheep  and  other  cattle,  collected  in  tanks  prepared  for 
the  purpose. 

How  long  have  you  applied  that  plan? — That  system  has  been  in 
operation  at  my  place  for  some  three  or  four  years. 

Have  you  found  the  effect  beneficial? — Extremely  so. 

Then,  on  the  whole,  you  are  satisfied  with  the  result  of  this  experi- 
ment?—  I  am  satisfied  that  this  is  a  capital  means  of  distributing  ma- 
nure on  the  land,  and  I  have  found  from  experiment  that  one  bushel 
of  charcoal  ashes  will  absorb  the  astonishing  quantity  of  9  or  10  gal- 
lons of  this  liquid  manure. 

What  is  the  effect  as  regards  the  smell  of  the  liquid  after  filtration  ? — 
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I  iiave  found  that  it  then  possesses  very  '  little  smell  at  all,  although  Mr.  Paine, 
before  it  was  passed  through  the  charcoal  dust  the  odour  was  so  oH'eu- 
sive  that  you  could  scarcely  bear  it.    All  my  experience  on  the  subject 
tends  to  confirm  the  conclusions  arrived  at  in  the  views  laid  down  by 
Prince  Albert. 

What  has  been  the  effect  of  that  kind  of  manure  upon  the  crops? — I 
have  always  applied  it  in  combination  with  other  manures,  and  there- 
fore I  cannot  state  how  much  of  the  benefit  I  have  derived  is  attribu- 
table to  this  portion  of  my  manures.  I  esteem  it  very  highly,  and  con- 
tinue to  make  it  in  very  large  quantities ;  being  perfectly  satisfied 
that  the  excellence  of  my  crops  is  greatly  enhanced  by  this  mixture. 


Letter  from  J.  R.  Coulthart,  Esq. 
"Sir,  "  Croft  House^  Asliton-under-Lyne^  Jan.  10,  1850. 

"In  answer  to  your  inquiries  on  behalf  of  the  Metropolitan 
Commissioners,  I  beg  to  annex  a  Table  expressly  compiled  by  me  for 
your  information,  which  exhibits  the  positive  quantity  of  water  con- 
sumed in  4094  dwelling-houses  in  168  hours,  m  May,  1847;  and  as 
the  measurements  connected  with  the  experiment  were  taken  by  Mr. 
Henry  Hibbert,  Secretary  to  the  Ashton-under-Lyne  Waterworks  Com- 
pany, in  expectation  of  his  being  sworn  and  cross-examined  as  to  their 
accuracy  before  a  Committee  of  the  House  of  Commons  in  a  matter 
involving  the  supply  of  the  town   of  Manchester  with  water,  great 
dependence  may  be  placed  on  the  correctness  of  the  statements'.  In- 
deed, I  am  so  satisfied  of  the  accuracy  of  the  observations  and  calcula- 
tions made,  that  I  doubt  much  if  you  will  have  a  return  from  any  other 
place  more  deserving  of  being  relied  upon.    To  enable  you,  however,  to 
test  the  computations  and  also  the  soundness  of  the  principles  on  which 
they  are  based,  I  subjoin  to  this  letter  a  drawing  of  the  filtration 
reservoir,  together  with  the  common  arithmetical  formula  used  in  cal- 
culating the  number  of  imperial  gallons  consumed  in  the  4094  dwelling- 
houses,  as  indicated  by  the  lowering  of  the  water  in  the  circular  filtration 
reservoir  of  i)l  feet  diameter,  whilst  the  supply  from  the  lar^e  unner 
reservoir  was  cut  off.  ° 


Mr.  Coult- 
harf.. 


Sketch  of  the  Filtration  Reservoir,  Aslilon-under-Lvne 
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Mr.Couit-  "In  answer  to  your  inquiry,  'Whether,  from  further  experience  at 
Ashton-under-Lyne  since  writing  my  Report  to  the  Health  of  Towns 
Commissioners,  I  would  modify  the  information  therein  afforded,'  I 
would  simply  say  that  additional  experience  has  only  more  deeply  con- 
firmed the  opinions  which  I  then  had  as  to  the  importance  and  economy 
of  a  continuous  distribution  of  water  for  domestic  purposes,  by  which 
tanks,  ball-taps,  and  turncocks'  wages  are  wholly  saved,  without  any- 
thing existing  in  the  unlimited-supply  system  to  counterbalance  these 
expenses,  except,  perhaps,  that  of  laying  down  larger  main-pipes. 
Indeed,  daily  experience  is  establishing  in  this  part  of  England,  and  the 
annexed  table  corroborates  the  affirmative  of  the  proposition,  that  a 
constant  and  unlimited  supply  is  by  far  the  cheapest  method  of  sup- 
plying a  given  number  of  dwelling-houses  with  water ;  and  that  the 
system  is  not  practically  attended  with  that  wasteful  consumption  of  the 
precious  fluid  which  the  term  '  unlimited '  would  seem  to  imply. 
When  I  wrote  in  1843  my  Report  on  the  Sanitary  Condition  of  Ashton- 
under-Lyne,  I  calculated  that  an  unlimited  supply  of  water  involved  a 
daily  distribution  after  the  rate  of  55  gallons  per  house,  or  10  gallons 
per  head  of  the  population  supplied ;  but  subsequent  experience  has 
satisfied  me  that  that  was  an  over-estimate  of  what  the  public  volun- 
tarily use,  and  that  40  gallons  per  house,  or  *7  gallons  per  head  per  day, 
is  amply  sufficient,  on  the  average,  to  meet  all  requirements  of  a 
domestic  nature. 

"  In  closing  this  letter  I  give,  as  requested,  some  general  information 
regarding  the  existing  state  of  the  Ashton-under-Lyne  Waterworks  as 
compared  with  their  condition  when  I  noticed  them  in  1843.  You 
will  thereby  perceive  that,  though  on  the  average  we  only  charge  Ss.  9d. 
per  house  per  annum,  yet  the  proprietors  of  the  works  realize  a  dividend 
of  1^  per  cent,  per  annum  on  the  capital  expended  in  their  construction 
(the  highest  rate  of  dividend  that  the  Water  Act  permits  to  be  divided 
amongst  the  shareholders,  or  a  much  higher  could  be  paid  from  the 
profits),  and  that  each  of  the  251.  water-shares  are  selling  at  nearly 
double  their  original  cost.  These  facts  lead  me  to  doubt  whether  there 
are  any  towns  in  England  or  elsewhere,  with  an  intermittent  supply  of 
water,  that  surpass  Ashton-under-Lyne  in  the  three  grand  requisites 
with  promoters  generally  of  undertakings  of  the  kind,  namely,  in  the 
lowness  of  the  cost  of  the  water  to  the  consumers,  in  the  height  of  the 
dividend  realized  by  the  proprietors,  and  in  the  augmented  value  of  ihe 
capital  originally  invested  in  the  undertaking.  If  my  surmises  be 
correct,  a  good  argument  might  therefrom  be  deduced  in  favour  of  the 
constant  and  unlimited  supply  system,  even  on  pecuniary  grounds, 
which  are,  after  all,  the  chief  obstacles  to  sanitary  improvement. 

The  comparative  statement  mentioned  is  as  follows,  viz. : —  ',  j 
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The  Ashton-under-Lyne  Waterworks  Company. 
(Establish ed  in  1835.) 


Mr.  Coult- 
liart. 


In  1843. 

In  1850. 

£. 

19,288 

£. 

24,547 

600 

840 

2,400 
45 

lis.  3^^. 

2,600 
48 

8s. 

4,500 
300  J 

5,700 
100 

140 

90 

39 

m 

150 

39 
17 
200 

Amount  of  capital  invested 

Expenses  of  management,  including 'rates,  taxes, 'and  keeping 
the  pipes  in  order        .        .        ,  ^  ° 

Net  annual  revenue,  which  was  effected  *in  1845  bv  a  re- 
duction ot  the  charo'es         .        .  ^ 

Market  price  of  shares' (25/.  paid  u]))  '  '  *  ' 
Average  charge  per  house  per  annum         *        •        •  • 

•  *  •  •  * 

^'seJvorrr''."'  °^/^«l^'"S-h°uses  supplied  from  both  re- 

Number  of  dwelling-houses  in  the  town  uu'supnlied  * 
Entire   quantity  of  water  annually   delivered  to  houses' 
factories,  and  radways,  in  millions  of  gallons  .  ' 

imSriarSK'r^  '\  ^^^^  ^-"^  ^^^^ 

Estimated  length  of  cast-iron  and  lead  pipes  in  miles  * 
Number  of  fire-plugs  in  the  town  gratuiloEsi;  supplied'  \ 


"In  addition  to  the  fire-nlno-s  tlip  W-^fo,.  ,  „ 

streets  in  summer,  &c  &c  '^'^  ^^^'^'^""S  «f  the 

1843,  included  ttrst,^^^  ^'^^''^       t'^e  Company  in 

flensing  purposes;  27of  wl. th    ea^ed      T"'"  t"?' 
Ashton-under-Lvne  Waterworks   in    1  Sfi  '   supplied  from  the 

owners  and  occupiers  havino  in         }  .    '  ^  """"^^'^  factorv- 
-terworks  for  th^elt^'ll^.  t^se'urptL.'^"  ''''''''''''  ^^^^^ 
"  I  have  the  honour  to  be,  Sir, 

,  "  "^0"^  '"ost  obedient'  Servant, 

Jienn/  Austin,  Esq.''  t 

y  John  Ross  CouLTHART. 
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Mr.  Coiilt  TABLE  showing  tlie  actual  quantity  of  water  consumed  in  one  week  in  4094  dwelling- 
hart.  -  nouses  in  Ashton-under-I^yne,  in  the  county  of  Lancaster,  where  a  constant  and 
unlimited  supply  has  been  in  operation  for  a  period  of  14  years;  distinguishing  also 
the  daily  and  nightly  consumption  of  each  house,  and  of  each  individual  member 
thereof,  as  compiled  by  John  lioss  Coui.tiiaut,  of  Croft  House,  Ashton-under- 
Lyne,  from  measurements  carefully  taken  of  the  depressions  observed  in  a  large 
circular  flltration  reservoir  of  91  feet  diameter,  by  Mr.  Heney  Hibbert,  Secretary 
to  the  Ashton-under-Lyne  Waterworks  Company. 


DATE. 

Hours  at  which  the  Measure- 
ments were  taken. 

Distance  of  Water  from  top 
of  Reservoir. 

Depression  01  circular  nitra- 
tion Reservoir  of  91  feet 
diameter,  whilst  the  supply 
of  Water  from  the  upper 
Reservoir  was  shut  off. 

Time. 

Diminution  of  waste  Goit 
duiing  same  time. 

TotAl  Quantity  of  Water  abso- 
lutely delivered  to  4094 
Dwelling-houses. 

Average  Ouanlity  consumed 
in  each  Dwelling-house. 

Avenige  Quantity  consumed 
by  each   Individual  sup 
plied.* 

1847. 

March  20    Saturday  . 

Ditto"  . 

9  a.m. 
6  p.m. 

Ft.  In. 

4  ii\ 
7   qi  ( 

Ft.  In. 

3  5 

Honrs. 

9 

Ft.  In. 

1  0 

Gallons. 
142,773 

Gallons. 
34-87 

Gallons. 
6-34 

21  Sunday 
Ditto 

9  a.m. 
6  p.m. 

3    4  I 

5    1  C 

1  9 

9 

1  0 

75,023 

i8"31 

3-33 

, ,    22    Monday  . 
,,    ,,  Ditto 

9  a.m. 
6  p.m. 

5  7/ 

2  0 

9 

1  0 

85,186 

20-79 

3 '  ( 8 

23    Tuesday  . 
,,            Ditto  . 

9  a.m. 
6  p.m. 

3    7  J 
5  9/ 

2  2 

9 

1  0 

91,961 

22-44 

4*08 

, ,    24  Wednesday 
, ,    , ,  Ditto 

9  a.m. 
6  p.m. 

3  n\ 
5  9j; 

2  2 

9 

1  0 

91,961 

22-44 

A  •  flC 
4  Uc 

25    Thursday  . 
Ditto  . 

9  a.m. 
6  p.m. 

I  ?} 

2  2 

9 

1  0 

91,961 

22-44 

4-08 

26  Friday 
,,             Ditto  . 

9  a.m. 
6  p.m. 

3    5  7 
6    0  3 

2  7 

9 

1  0 

108,898 

26-59 

4-83 

,,    26  Friday 

, ,    27    Saturday  . 

6  p.m. 
9  a.m. 

6    5  I 
8    2  5 

1  9 

15 

1  0 

75,023 

18-31 

3-33 

,,    ,,       Ditto  . 
28  Sunday 

6'  p.m. 
9  a.m. 

4    6  1 
6    2  3 

1  8 

15 

1  0 

71,626 

17-49 

3-18 

29    Monday  . 

6  p.m. 
9  a.m. 

4  n\ 

5  7  5 

1  4i 

15 

1  0 

69,779 

14-63 

2-66 

Ditto  . 
,,    30    Tuesday  . 

6  p.m. 
9  a.m. 

4  UI 

5  4i5 

1  3 

15 

1  0 

54,698 

13-31 

2*42 

, ,    31  Wednesday 

6  p.m. 
9  a.m. 

4  U7 

5  5  5 

1  3i 

15 

1  0 

56,392 

13-75 

2-50 

Ditto  . 
April  1    Thursday  . 

G  p.m. 
9  a.m. 

4  0  1 

5  4  3 

1  4 

15 

1  0 

58,086 

14-30 

2-60 

2  Friday 

6  p.m. 
9  a.m. 

4  8  ■> 

5  11  5 

1  3 

15 

1  0 

54,698 

13-31 

2-42 

Total  per  week  . 

26  2 

168 

14  0 

1118,065 

272-98 

49-63 

Average  per  diem  . 

3  8g 
7 

24 

2  0 

159,723 

38-99 

7-09 

page  41. 
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91  feet,  being  tlie  diivnicter  of  Reservoir. 


91 
619 

ssei 

7854  number  for  finding  the  area  of  the  circle. 


331S4 
41405 
55248 
57967 


6503 -8974  cubic  feet  in  1  foot  of  reservoir. 
26*2      aggregate  depression  of  reservoir. 

1083 
39018 
13006 
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170161   cubic  feet  of -water  in  26''2"  of  reservoir. 
H  number  of  gallons  in  a  cubic  foot  of  water. 

42540 
1020966 


1063506  number  of  gallons  in  26''2"  of  reservoir. 
5441 1  number  of  gallons  from  waste  goit. 
Houses   " 

4094  )  1117917  (  272-82  gallons  per  bouse  per  week. 
8188 


28658  ^  "^oo'/''^'"''  gallons  per  head  per  week. 

12537  217237 

202653 


■••80 

900-68 

^"^'^^  173-12 


243     length  of  goit  inside. 

.,  outside. 

2  )  497-6 

248 '9  average  length. 
2-6  widtli  of  goit. 


124-4i 
497-6 

621.  loj  cubic  feet  of  water. 
 ^  emptied  twice  in  84'  hours. 

1243-9 

6i  gallons  in  a  cubic  foot. 

31  Oi 
74624 


7773    total  per  day  from  goit. 
7  days  in  a  week. 

^''■^'1  total  gallons  per  >veek. 
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Wm.  Lindley,  Esq.,  C.E.,  examined. 

1.  What  provision  is  made  with  the  new  system  of  works  whicli  you 
have  laid  down  for  the  prevention  of  fires?— The  mains  are  larjre,  from 
6  to  20  inches  diameter,  constantly  charged  at  hisrh  pressure,  hein^-  sup- 
pUed  from  the  one  extremity  by  two  Cornish  engines,  and  at  the  othe? 
level  from  a  high  summit  reservoir,  kept  constantly  filled.  Throughout 
the  whole  length  of  the  pipeage  are  placed,  at  intervals  of  40  yard:-, 
fire-plugs  of  three  inches  diameter  in  the  clear. 

2.  How  soon  can  a  jet  be  applied?— In  two  minutes.  The  men  who 
gret  paid  by  old  custom  for  the  use  of  their  engines  will  come,  althougb 
they  are  not  wanted,  but  the  power  of  eight  engines  may  be  anywhere 
applied  as  quickly  as  the  hose  can  be  screwed  on,  and  introduced  insid<^ 
the  house  where  the  fire  is. 

3.  Have  there  been  fires  in  buildings  in  Hamburgh  in  the  portion  of 
the  town  rebuilt? — Yes,  repeatedly.  They  have  all,  however,  been 
put  out  at  once.  If  they  had  had  to  wait  the  usual  time  for  engines 
and  water,  say  20  minutes  or  half  an  hour,  these  might  all  have  led  to 
extensive  conflagrations. 

4.  What  has  been  the  effect  on  insurance? — The  effect  of  the  rapid 
extinction  of  fires  has  brought  to  light  to  the  citizens  of  Hamburgh  the 
fact  that  the  greater  proportion  of  their  fires  are  the  work  of  incendiaries, 
for  the  sake  of  tlie  insurance-money.  A  person  is  absent ;  smoke  is  seen 
to  exude ;  the  alarm  of  fire  is  given,  and  the  door  is  forced  open,  the 
jet  applied,  and  the  fire  extinguished  immediately.  Case  after  case  has 
occurred  where,  upon  the  fire  being  extinguished,  the  arrangements  for 
the  spread  of  the  fire  are  found  and  made  manifest.  Several  of  this 
class  of  incendiaries  for  the  insurance-money  are  now  in  prison.  The. 
saving  of  money  alone,  by  the  prevention  of  fires,  would  be  worth  the 
whole  expense  of  the  like  arrangement  in  London,  where  it  is  well 
known  that  similar  practices  prevail  extensively. 

5.  Is  the  jet  used  at  Hamburgh  for  watering  the  streets? — Yes; 
the  charg-e  has  been  id.  per  foot  of  frontage  per  annum. 


Alexis  Soyer  examined. 

M.  Alexis      You  are  known  to  the  Commissioners  from  your  writings  on  cookery  ; 

and  you  have  doubtless  had  occasion  to  try  the  qualities  of  different 
waters  for  cooking  and  culinary  purposes ;  you  have  probably  used 
Thames  water  ? — Yes,  1  have ;  when  I  first  became  cook  to  the  Reform 
Club  Ave  occupied  Gwydyr  House,  which  was  then  supplied  with  Thames 
water. 

What  was  your  experience  of  it? — That  it  was  very  hard  and 
inconvenient  ;  it  had  sometimes  a  disagreeable  taste ;  this,  however,  we 
found  was  occasioned  by  the  cistern,  which  we  remedied ;  it  was,  how- 
ever, at  all  times  very  hard. 

What  was  the  effect  of  the  hardness  in  cooking  ? — That  we  were  in 
many  processes  obliged  to  use  potass  or  soda  for  the  water,  to  soften  it. 

What  were  the  processes  ?— First,  in  boiling  cabbage,  greens,  spinach, 
asparagus,  hard  water  gives  them  a  yellow  tinge,  especially  in  French 
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beans:  hard  water  shrivels  greens  and  peas,  and  will  be  more  parti-  M. Alexin 
cularly  noticed  in  French  beans ;  the  process  of  boiling  is  also  longer.  Soyet. 
That  requires  more  fuel?— Certainly. 

What  would  he  the  difference  in  time  ?  — With  dry  vegetables  certainly 
one-fourth  more. 

How  is  it  with  potatoes  ? — I  do  not  think  it  acts  so  much  upon 
potatoes,  but  still  it  has  an  influence  upon  all  sorts  of  vegetables.  I  do 
not  see  the  same  effects  however  upon  roots  generally  as  upon  leaves 
o-enerally ;  the  effects  are  very  powerful. 

What  do  you  find  to  be  the  eflect  of  hard  water  upon  the  animal 
foods  ? — Upon  salt  beef  the  hard  water  is  not  so  good,  it  does  not  open 
the  pores  of  the  meat  so  freely  as  soft  water.  On  fresh  meat  it  likewise 
has  a  prejudicial  effect,  but  not  equal  to  that  on  vegetables.  It  has  the 
effect  of  making  very  white  meat  whiter  than  the  soft  water  ;  upon  all  deli- 
cate things  it  has  however  a  more  marked  effect — for  example,  in  making 
heef-tea,  chicken  or  veal  broth,  or  upon  lamb ;  and  the  more  delicate  a 
substance  is,  the  greater  is  the  influence  of  a  hard  water  upon  it.  A  hard 
water  as  it  were  compresses  the  pores,  whilst  a  soft  water  dilates  them 
and  the  succulent  matter  which  they  contain.  It  makes  them  more 
nutritious.  The  evil  of  hard  water  is  more  visible  in  small  quantities, 
such  as  broth  or  beef-tea. 

Then  it  will  be  more  prejudicial  or  expensive  in  domestic  cookery, 
which  must  be  in  small  quantities? — Exactly  so;  in  the  lar^^-er  opera- 
tions, where  there  is  much  boiling,  the  boiling  itself,  and  for  a  lona- 
time,  reduces  the  hardness.  In  the  small  quantities  requisite  for  in^ 
valids  and  delicate  persons  the  disadvantages  are  the  most  experienced. 
When  I  used  Thames  waier  at  Gwydyr  House,  I  have  had  quantities 
boiled  in  order  to  soften  it,  and  have  then  let  it  get  cool  and  kept  it 
ready  for  use  for  the  smaller  operations. 

What  is  the  effect  of  hard  water  upon  bread?' — I  have  not  had  prac- 
tical experience  in  bread-making ;  but  there  is  not  the  least  doubt  that 
soft  water  is  of  the  greatest  importance  as  making  the  best  bread.  This 
IS  exemplified  in  Paris,  where  the  water  is  hard,  and  where  that  bread 
which  IS  made  i-n  imitation  of  Gonness  bread,  though  made  with  the 
same  flour  and  by  the  same  bakers,  never  equals  that  made  at  the  place 
Itself,  where  the  water  is  soft.  1  am  informed  that  part  of  the  water  at 
Glasgow  13  very  soft,  and  that  the  Scotch  bakers  from  thence,  when  they 
tirst  come  to  London,  cannot  understand  why  the  bread  does  not  rise  so 
jell  as  m  Glasgow,  even  though  they  make  use  of  the  same  yeast  a"H 
Hour.  It  is  well  known  that  the  addition  of  a  small  quantity  of  bi-car- 
bonate  of  magnesia  in  the  water  renders  bread  lighter  and  whiter 
.  VVhat  is  your  experience  in  respect  to  tea  ?— The  hard  water  is 
injurious  in  deteriorating  the  flavour;  it  also  requires  more  tea  to  eive 
an  equal  strength.    There  can  be  no  doubt  that  the  softer  water  is  of 

Srr?VK^''?f r        ^^^"'^        ''''^      ^^^^^  "sed  at  the 
ixeiorm  Llub,  which  is  Artesian  well  water. 

a  simi'inK'  rrf'''  experience  ?-Hard  water  produces 

a  similar  eff^ect,  but  not  quite  so  powerful. 

matrrerJlts'aVr'.I,''^''''''^  "^''^  ^""^"^"^"^     ^^"^^^  Pr»^i- 

3  ,  T  }^  "-^^  comparative  value  of  Thames  and  the  Artesian 

of  elracTf  ^  "''"^  ^^--^^  ^-i^-ur  as  well  as  ftreiiTt!; 
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^Aiexu  Have  you  made  the  examination  as  to  tiie  comparative  effect  of 
_  waters  of  different  qualities  in  the  preparation  of  tea?— Yes  I  have  In 
making  the  expennients,  as  time  is  of  importance  for  the  effect  as'wPll 
as  for  economy,  I  thotig-ht  it  proper  to  take  an  account  of  it.  For  culi- 
nary purposes  I  am  confident  that  that  water  which  boils  the  quickest  is 
the  best;  and  I  conceived  that  this  might  be  ascertained  in  respect  to 
tea.  1  took  samples  of  the  common  tea  in  use  bv  the  population,  green 
tea  and  tea  of  a  third  class,  and  prepared  them  with  equal  quantities 
ot  water:  I  took,  as  tlie  standard  of  soft  water,  distilled  water,  which  I 
obtamed  from  Apothecaries'  Hall.  The  whole  results  were  more  striking 
than  I  had  previously  anticipated.  The  softest  or  distilled  water  had 
an  extraordinary  power  in  obtaining  a  quick  extract;  the  result  showed 
perhaps  too  high  a  power,  for  it  draws  out  the  woody  flavour.  Next  to 
It  was  the  Artesian  well  water,  which  is  one-third  less  hard  than  the 
Thames  water.  I  should  indeed  prefer  that  water  to  any  other  tried  in 
these  experiments  :  although  the  distilled  water  draws  out  the  aromatic 
property  of  the  tea  more  than  the  Reform  Club  water,  it  does  not  I 
think  produce  so  good  an  extract.  Each  water  gives  its  own  shade,  and 
had  its  own  distinct  extract.  Finding  the  results  so  extraordinary,  I 
solicited  the  assistance  of  two  friends,  Messrs.  Hooper,  the  most  eminent 
tea-tasters  in  Loudon  .  the  results  were  the  same,  and  the  following  table 
gives  the  conclusions  I  came  to : — (p.  23.3.) 

Are  you  confident  as  to  the  difference  in  the  time  of  boiling  between 
hard  and  soft  water  ? — My  experiment  was  with  pints  of  water,  in  the 
same  size  stewpan,  with  a  gas  lamp,  so  that  the  heat  was  manageable, 
and  the  same  in  both  cases  ;  and  there  was  certainly  a  difference"of  full 
two  minutes  in  favour  of  the  boiling  of  the  soft  water ;  and  the  same 
result  was  given  in  several  experiments. 

From  these  experiments,  and  your  extensive  knowledge,  will  you  state 
the  general  results  as  to  the  relative  power  of  the  hardest  and  the  softest 
water  in  making  tea?— I  should  say  that  whilst  with  the  hard  water 
three  cups  might  be  made,  with  the  soft  water  about  five  might  be 
made. 

What  extra  expenditure  of  tea  then  would  the  use  of  the  Thames 
water  incur  in  making  tea? — Nearly  one-third. 

That  is  on  all  the  tea  consumed  in  the  metropolis  ? — Yes,  I  have  no 
doubt  of  it. 

Do  you  consider  that  the  action  of  water  in  tea  is  a  fair  test  and  re- 
presentative of  its  action  on  meat  and  vegetables  in  general,  in  all  the 
delicate  processes  of  cookery  ? — Ves,  I  do ;  and  I  have  proved  it  in  the 
following  way.  I  have  taken  the  solution  of  16%  and  compared  it  with 
the  water  from  tlie  well  of  the  Reform  Club.  First,  with  vegetables, 
thp.t  is,  carrots,  turnips,  and  onions,  cut  into  small  pieces  of  about  one 
nch  long  and  an  eighth  of  an  inch  square,  such  as  are  used  in  Jullieime 
soup,  placed  in  two  saucepans,  with  the  same  quantity  of  water,  and  on 
the  same  gas-stove :  those  cooked  in  the  Reform  water  were  quickly 
done,  and  the  flavour  of  the  vegetables  in  the  water  ;  whilst  those  cooked 
in  the  solution  never  became  tender,  nor  did  the  flavour  go  into  the 
water.  Secondly,  with  potatoes :  I  cut  a  peeled  potato  into  two,  and 
boiled  them  at  the  same  time  in  the  above  waters ;  the  difference  was 
easilv  distinguishable,  that  which  was  boiled  in  the  hard  water  being 
harder,  but  at  the  same  time  whiter.    Thirdly,  in  extracting  the  juice 
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Kinds  of  Water. 


Time 
'taken  to 
I  boil. 


Distilled  water  from 
Apotliecaries  Hall 

Covent-gardeti,  ati 
Artesian  well* 

Reform  Club,  360  ft. 
deep,  f  and  Trafal- 
gar-square 

Camden  Town,  sunk 
200  feet  in  tlie 
chalkj;     .    .  . 

New  River,  from  a 
cistern  in  Billiter- 
street,  City 

Wellclose-square,  a 
spring. 

Camberwell,  a  srnik 
well,  60  feet  deep§ 

Thames,  from  Hun- 
gerford,  2  hours 
after  high  water  . 

Standard  solutionE  of 
lime-water,  reck- 
oned according  to 
Clark's  scale  of 
hardness : — 


20||  . 
8°  . 
16°^ 


Min. 


8t 


6i 


10 


10 


Their 
rank  in 
makins{ 
of  Tea. 


M.  Alexis 
Soyer. 


9* 


6 
7 
8 


EEIVU.RKS, 


*  Impure  as  if  it  contained  iron. 


\  This  well  has  been  sunk  ten  years;  the  pipes 
are  the  same  as  at  first  laid  down,  but  they 
are  all  blistered.  This  makes  tea  one-third 
more  than  any  other  water. 

X  This  is  the  well  sunk  by  the  North-Western 
Railway  Company  for  the  supply  of  their 
locomotives.  I  moved  the  machinery  for 
manuCacturing  the  nectar  into  Wlilttlebury- 
street,  close  to  Euston-square  Station,  in  older 
to  receive  the  advantages  of  this  water,  and 
paid  a  large  sum  per  annum  to  the  Company 
to  obtain  it;  but  I  find  that  the  water,  in 
passing  through  the  iron  pipes  from  Camden 
Town  to  the  station,  becomes  so  impregnated 
with  iron  as  to  cause  it  to  be  considerably 
altered  in  its  nature.  This  fact  may  be  seen  by 
the  deposit  of  iron  it  leaves  at  the  urinals  in 
the  station;  it  likewise  makes  deep  grooves  in 
the  pipes,  as  if  planed  out  with  a  machine. 

§  Camberwell  is  considered  the  hardest 
water  in  the  vicinity  of  London. 


II  Of  the  three  No.  2  Is  by  far  the  best. 

Veiy  impure,   and  boils  with  a  scum 
upon  it. 


or  gravy  from  meat:  the  soft  water  does  so  quickly  and  well,  but  the 
hard  water,  instead  of  opening  the  meat,  seems  to  draw  it  closer  together, 
and  to  solidify  the  gluten,  and  I  believe  that  the  true  flavour  of  the  meat 
cannot  be  extracted  by  hard  water.  In  boiling  of  salt  meat  less  salt  is 
extracted  when  boiled  in  hard  water,  and  at  the  same  time  the  meat  is 
not  so  tender  as  when  boiled  in  soft  water.  Soft  water  evaporates 
one-third  faster  than  hard  water.  I  sliould,  in  every  way,  give  the  pre- 
ference to  soft  water,  but,  at  the  same  time,  if  very  tender  meat  is  re- 
quired to  boil  very  white,  hard  water  should  be  used. 

You  were  requested  to  try  as  completely  as  you  could  some  soft  water 
from  Farnham  and  ascertain  its  value  for  culinary  purposes,  have  you 
done  so? — Yes,  I  have  compared  it  on  trial  with  between  40  and  50 
specimens  of  different  waters;  some  1  had  from  Ireland,  some  from 
Scotland,  and  I  found  it  the  best  of  the  whole,  and  very  nearly  of  the 
quality  of  distilled  water.  In  cooking  some  vegetables,  however,  I  found 
the  artesian  well  water  somewliat  better  tlian  the  Farnham  water. 
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Alexis  The  water  of  the  artesian  well  is  alkaline,  and  that  is  a  quality  pecu- 
—     liarly  favourable  to  solubility?— Yes. 

As  a  soft  water,  do  you  find  that  the  Farnham  water  has  the  Mnoral 
power  which  you  ascribe  to  tlie  softest  waters— generally  as  compared 
with  the  river  Thames  water?— Yes;  for,  as  compared  with  the  Thames 
water,  its  power  of  extraction  would  then  be  as  about  six  to  four.  But 
the  flavour  of  the  tea  produced  by  softer  water  would  be  greatly  superior. 

Was  the  proportionate  rate  of  boiling  the  same  as  that  which  you 
ascribe  to  other  soft  waters  ?— Yes  ;  very  decidedly ;  it  boils,  in  the 
quantities  I  used,  much  quicker  than  the  hard  water. 


Extract  from  a  Letter  of  John  Dollar,  Esq. 

Temple,  January  24,  1850. 
I  COMPLY,  as  well  as  I  can,  with  your  request  that  I  would  give 
you  the  data  on  which  I  arrived  at  the  conclusion  that  "  the  washing- 
bills  of  London  amount  to  5,000,000/.  a-year;"  premising  that  by 
"  washing-bills  "  1  mean  the  total  cost  of  washing. 

In  the  year  1844,  when  "The  Committee  for  promoting  the  establish- 
ment of  Baths  and  Washhouses  for  the  Labouring  Classes  "  was  formed, 
it  was  deemed  advisable  to  ascertain,  as  accurately  as  possible,  the  actual 
washing  expenses  of  labouring  men  and  their  famihes  whose  washing 
was  done  at  home.  Inquiries  were,  therefore,  made  of  several  hundred 
families  of  labouring  men,  and  it  was  found  that,  taking  the  wife's 
labour  as  worth  5*.  a-week,  the  total  cost  of  washing  at  home,  for  a  man 
and  wife  and  four  children,  averaged  very  closely  on  2*.  6c?.  a-week 
==  5rf.  a-head.  The  cost  of  coals,  soda,  soap,  starch,  blue,  and  some- 
times water,  was  rather  less  than  one-third  of  the  amount.  The  time 
occupied  was  rarely  less  than  two  days,  and  more  often  extended  into  a 
third  day,  so  that  the  value  of  the  labour  was  rather  more  than  two- 
thirds  of  the  amount. 

I  may  mention  here  that  the  average  time  occupied  by  a  woman  in 
washing  and  drying  her  family's  clothes  at  the  model  establishment  of 
Baths  and  Washhouses,  Goulston-square,  Whitechapel,  and  the  St. 
Martin-in-the-Fields  Laundries,  may  be  taken  at  about  two  hours  and 
a-half,  and  the  payment  for  that  time,  which  covers  the  expense  of  coals 
and  water,  is  3,d. ;  so  that  already  (for  such  establishments  are  but  in 
their  infancy,  and  are  capable  of  considerable  improvements)  the  r2j.  Qd. 
a-weck  maybe  considered  as  being  reduced  at  least  one-half  to  those 
who  avail  themselves  of  the  washhouses. 

In  the  course  of  the  two  succeeding  years  I  made  inquiries,  as  oppor- 
tunities offered,  of  the  cost  of  washing  to  single  men  among  the  labouring 
classes,  whose  washing  expenditure  might  be  expected  to  be  on  a  very 
low  scale,  such  as  hod-men  and  street-sweepers ;  and  I  found  that  the 
lowest  average  weekly  cost  of  washing  to  such  of  them  as  could  reckon 
it,  was  A^d.  a-head. 

I  found  it  very  difficult  to  ascertain  the  cost  of  washing  to  verj-  small 
tradesmen ;  but  I  came  to  the  conclusion,  that  it  could  not  be  safely 
estimated  at  much  more  than  Qd.  a-hcad  a-week.  Many  of  them  main- 
tain a  position  of  solvency  only  by  the  narrowest  economy,  and  it  is 
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probable,  not  only  that  their  expenditure  for  personal  cleanliness  exceeds  Mr.  BuUac 
but  little,  if  at  all,  that  of  mere  labourers,  but  that  they  have  a  direct 
persona]  interest  in  the  establishment  of  parochial  washhouses.  The 
Rev.  Sir  H.  R.  Dukinfield,  who  was  intimately  acquainted  with  the 
condition  of  his  (late)  parish,  St.  Martin's,  was  so  strongly  impressed 
with  this  being  the  case,  that  he  suggested  the  first-class  washing-places 
for  them  which  have  been  provided  in  that  parish. 

It  may,  ])erhaps,  be  safe  to  reckon  the  weekly  washing  expenses  of 
the  poorer  half  of  the  inhabitants  of  the  metropolis  as  not  exceeding 
Qcl.  a-head ;  but  the  expenditure  for  washing  rapidly  increases  as  the 
inquiry  ascends  into  what  are  called  "  the  middle  classes."  Among 
them,  various  sums,  from  9d.  to  la.  Qd.  a-week  a-head,  are  allowed  to 
maid-servants  for  their  washing,  and  besides  that  allowance,  they  very 
commonly  wash  at  home  small  articles,  such  as  caps,  collars,  &c.,  for 
themselves,  and  not,  I  apprehend,  with  any  very  strict  regard  to  economy 
of  fuel,  soap,  &c.  The  weekly  allowance  for  washing  to  men-servants 
range,  I  believe,  from  1^.  to  2*.  Qd.  a-week,  and  a  little  washing  at 
home  is  not  unfrequently  done  for  them. 

It  is,  perhaps,  safe  to  consider  the  washing  expenses  of  the  families 
in  which  those  servants  are  employed  as  at  double  the  rate  of  that  of 
the  servants,  and,  therefore,  as  rangino-  from  U.  Qd.  to  5^.  a-week 
a-head.  lu  many  of  the  wealthier  families  it  is  much  higher.  I  have 
found  the  weekly  washing-bills  of  young  men  living  in  chambers  to  range 
from  3*.  Qd.  to  upwards  of  10,y.  a-head. 

You  will  easily  imagine  the  difficulty  of  ascertaining  with  any  exact- 
ness the  washing  expenditure  of  private  families,  and  my  consequent 
necessity  of  making  this  rough  estimate.  The  conclusion  at  which  I 
arrived  was  that,  taking  the  whole  population,  the  washing  bills  of 
London  were  nearly  Is.  a-week  a-head,  or  5,000,000/.  a-year.  An 
examination  of  your  objection  that  "  that  was  half  the  rated  rental  of  the 
metropolis,"  has  tended  to  confirm  me  in  that  conclusion. 

The  rated  rental  of  a  house  occupied  by  a  labouring  family,  whose 
weekly  washing  expense  is  2*.  6c?.,  is  probably  rarelv  equal  to  5*.  a-week. 
Where  such  a  family  occupy  a  part  of  a  house,  the  proportion  of  that 
rental  attributable  to  their  rooms,  or  their  single  room,  is  probably 
decidedly  less  than  5^.  a-week,  except  in  peculiar  cases.  It  is,  therefore 
not  imiprobable  that  the  yearly  washing  expenses  of  the  poorer  half  of 
the  nihabitants  of  London  are  quite  equal  to  one-half  of  the  rated  rental 
or  their  dwellings. 

The  washing  expenses  of  a  middle-class  family,  inhabiting  a  house 
rented  at  120/.  a-year,  and  rated  (high)  at  100/.  a-year,  consisting  of 
nusband  and  wife,  three  children,  and  three  servants,  may  be  taken  at 
nll\l''%  ■L^''  ^"'''ee^'  or  "^ore  than  half  the  rated  rental ;  and  from 
au  tnat  I  have  been  able  to  learn,  the  proportion  which  washing  expenses 
u  J^f  S""®^*^^  families  whose  income  is  large 

enough  to  free  them  from  the  necessity  of  studying  economy  in  matters 
val,r  A?  domestic  expenditure.  It  is  said  that  the  average  yearly 
and  V;  "'^^  assessed  under  the  income  tax  is  40/.  ; 

London  is  J-4''7fi  Pevsons  to  every  inhabited  house  in 

inhabitin!Li  A  f""'"'  "^'^'f^  washing-bills  of  the  persons 
20/  a  ye^  ^'""^^^  ^""^^  be  within  a  very  small  fraction  of 
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Mr.  Buiiur.  Wlu'ther  you  take  1*.  a-week  a-head  for  all  the  inhabitants  of  the 
metropolis,  or  one-half  of  the  rated  rental  of  its  houses,  the  washing-bills 
come,  in  round  numbers,  to  5,000,000/.  a-year.  Of  course  I  give  this 
as  but  a  rough  estimate,  and  many  exceptions  may  easily  betaken  to  it ; 
but  I  feel  pretty  confident  that  it  is  not  very  far  from  the  truth.  It  is 
some  years  since  I  worked  it  out,  and  I  did  so  to  a  considerable  exient 
from  data  which  I  have  not  preserved  in  writing ;  but  it  is,  perhaps, 
quite  as  accurate  as  an  estimate  of  the  population  of  England  in  the  reign 
of  George  II.,  of  the  total  amount  lost  in  a  year  in  England  by  bad  debts, 
of  the  numbers  who  die  yearly  from  preventible  diseases,  or  any  other 
of  the  rough  estimates  which  are  used  for  statistical  purposes,  as  not 
being  too  grossly  inaccurate  to  be  so  used. 


Quantity  of  Water  required  for  Baths  in  the  Metropolis. 
Extract  from  a  Communication  by  John  Bullar,  Esq. 
My  dear  Sir,  Putney,  April  16,  1850. 

The  existing  baths  and  wash-houses  in  London  are  (in  the  order 
of  their  opening  for  work),— 1.  Those  in  Glasshouse-yard,  near  the 
London  Docks;  2.  Those  in  George-street,  Euston-square ;  3.  The 
model  establishment,  Goulston-square,  Whitechapel  ;  4.  The  St.  Mar- 
tin-in-the-fields  parochial  establishment;  and  5.  The  St.  Marylebone 
parochial  establishment.  Baths  and  wash-houses  are  in  course  of  erec- 
tion or  determined  on,  for ;  6.  The  i>arishes  of  St.  Margaret  and  St. 
John,  Westminster ;  7.  St.  James's,  Piccadilly ;  8.  St.  Giles  and  St. 
George,  Bloomsbury ;  and  9.  Greenwich.  I  do  not  mclude  such 
parishes  as  Lambeth,  where  the  adoption  of  the  Act  has  not  yet  been 
followed  up  by  the  appointment  of  Commissioners  to  carry  it  into  exe- 
cution. ,     .       r  » 

Leaving  out  Greenwich,  as  being  beyond  the  limits  of  mere  metro- 
politan water  supply,  and  Glasshouse-yard,  as  being  a  small  estabhsh- 
ment  supported  as  a  charity  for  the  very  poor,  and  not  reckoning 
plunging  baths,  there  will  probably  be  about  600  baths  m  the  seven 
other  establishments.  . 

The  greatest  amount  of  custom  that  has  yet  been  known  was  at  the 
St.  Martin-in-the-fields  establishment,  where  upwards  o  ^000  persons 
bathed  in  one  day  last  summer.  This  was  at  the  rate  of  about  30 
oaineo  in  uue    ay  18,000  bathers  m  a 

bathers  to  every  bath.  At  ttiis  rate,  meie  in»t,''i-  ^  '  u.,fv,^^„  tn 
day  in  the  seven  establishments;  and  I  doubt  whether  30  ba  hers  to 
every  bath  should  not  be  considered  the  highest  daily  number  that,  o» 
the  averacre  of  seven  or  more  esiablishments,  could  be  reckoned  on 
Assumtng^he  baths  to  be  open  from  6  a.m.  till  II  -^^^^i^  ^^.^^.^^ 
bath  attendants,  there  might,  with  a  regular  influx  of  bathers,  and  the 
greatest  economy  of  trouble  given  and  attention  paid,  be  as  many  as  5U 
bathers  to  every  bath;  but  there  are  some  hours  in  everyday  when 
there  IS  l'«t  little  custom,  and  a  very  large  amount  of  custom  requires 
Jhe  employment  of  extra  attendants,  who  do  not  get  through  their  wo.  k 
m  p-srneditiouslv  as  the  constant  attendants.  , 

The  actual  Imount  of  water  used  in  a  bath  by  every  bather  is  from 
AO  to  45  gallons,  but  an  allowance  has  to  be  made  for  some  waste,  and 
for  what  is  used  in  a  steam-engine,  and  for  cleansmg  the  bu.ldmg.  In 
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estimating-  for  a  supply,  it  would  not  be  safe  to  reckon  on  having-  at  -^f'-  i'"<ii.>r. 
command  less  than  50  gallons  for  every  bather.  Nor  would  it  be  safe 
to  be  content  with  having  a  less  quantity  of  water  at  command  on  every 
day  than  the  largest  quantity  that  might  be  required  on  any  one  d-ay, 
according  to  the  season.  The  greatest  supply  is  wanted  in  the  hottest 
weather  in  summer;  and  if  the  proper  amount  can  be  had  then,  there 
will  be  no  doubt  about  having  enough  during  the  rest  of  the  year. 

At  50  gallons  for  every  bather,  there  ought  to  be  the  means  of  having-, 
in  the  height  of  summer,  a  supply  of  not  less  than  900,000  gallons 
(about  150,000  cubic  feet)  of  water  every  day. 

Assuming  that  there  will  be  in  every  wash-house  us  many  pairs  of 
tubs  as  there  will  be  balhs  in  the  same  establishment;  or  600  pairs  of 
tubs  in  the  seven  establishments ;  and  that,  on  the  average  of  the  year, 
the  wash-houses  are  in  use  10  hours  a  day,  the  daily  supply  of  water  at 
command  ought  not  to  be  less  than  36,000  gallons  (about  6,000  cubic 
feel)  more.  This  is  on  the  estimate  that  every  washer  will  take  two 
hours  and  a  half  at  her  work,  and  use  15  gallons  of  water. 

For  the  sake  of  a  margin  for  safety,  the'daily  supply  which  the  seven 
establishments  ought  to  have  should  be  about  1,000,000  gallons. 
I  have  thus  answered,  as  well  as  I  can,  your  first  question. 
Your  second  question  is  not  so  easy  to  answer  without  appearino-  to 
run  into  exaggeration,  and  therefore  1  may  as  well  premise  that,  when 
"  the  Committee  for  promoting  the  establishment  of  Baths  and  Wash- 
houses  for  the  labouring  classes"  began  their  labours  in  the  year  1844, 
the  prediction  that  in  six  years  there  would  be  as  many  establishments 
of  public  baths  and  wash-houses  in  London,  and  about  30  more  in  other 
towns ;  and  that  the  bathers  in  warm  baths,  chiefly  of  the  labourino- 
classes,  in  London  alone,  would  exceed  400,000  in  a  year ;  and  that  no't 
lar  short  ot  a  quarter  of  a  million  of  pounds  sterling  would  be  expended 
lOT  providing  those  establishments,  would  have  been  received  very  gene- 
rally, as  utterly  incredible.  We  may  speak  rather  more  confidently 
now  ;  but  still  it  will  be  advisable  to  imitate  the  prudence  of  Stephen- 
son who,  for  fear  that  his  evidence  should  be  altogether  discredited  did 
not  dare  to  suggest  to  the  Committee  of  the  House  of  Commons  on  the 
Liverpool  and  Manchester  Railway,  that  his  locomotives  would  do  more 
than  10  miles  an  hour. 

thi  inh\^''!^"'^.  T ""^y  ^^'"^  ^''^^  one-fourth  of 
the  .  habitants  of  London  may  like  to  have  warm  baths  occasionally, 
ai  d  that  each  ot  them  may  be  content  with  one  bath  a  month.  Takina 
hat  one-fourth  at  500,000,  the  yearly  number  of  baths  taken  would  be 
m^  r""T'       ^'^^'"S-  during  the  four  warmest  months 

uore  than  ecjual  to  that  during  ,he  rest  of  the  year,  and  at  that  rate 

bath  lo  t  ?-  ^"^'^"'"^"^  the  average  daily  number  of  bathers  in  every 
wo  Id  be      '  highest  number,  about  2,400  baths 

-apDlv.r     "^"^1  ^^'000  ^^'ly  fathers,  but  the  water 

hS,     ."j'x^'^and  ought  to  be  sufficient  (as  shown  above)  foT  the 

^^•allons  lUreOO  000  7      'n^^'  ''fl  ^^^^  3,600,000 

'I'lireH  ^^Tm^^  '^^^  to  the  quantity  novv  re- 

-ou  d  requi;"  aToOO    "r'"?^'  "'^"^"^  of  water 'or  each, 

daily  sup  *=""""^  <^^"'^^t  ^4,000  cubic  feet)  more  in  the 
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Some  deduction  from  the  qunntity  of  water  required  for  batlis  lias  to 
be  made  on  account  of  little  children,  several  of  whom  bathe  together- 
but  on  the  other  hand,  some  addition  has  to  be  made  for  phuifri,,,,! 
baths;  and  the  two  items  may  perhaps  balance  each  otiier.  We  knu- 
not  yet  what  may  be  done  in  bathinp:  children.  It  would  be  of  great 
good  that  the  children  in  parochial  and  other  schools  should  have  warm 
baths  once  a  week;  and  this  might  be  effected  without  any  great  ex- 
pense. The  C'ommittee  have  had  under  consideration  a  contract  to 
bathe  all  the  children  of  a  large  school,  weekly,  at  2/.  a  thousand; 
bathing  two  together  in  the  same  warm  bath,  and  giving  each  a  clean 
towel;  but  I  doubt  whether  there  would  not  be  a  small  loss  from  this. 
21.  \0s.  a  thousand  would  probably  leave  a  small  profit. 

In  answer  to  your  third  question,  I  should  say  that  50  gallons  would 
probably  be  the  largest  quantity  of  water  used  for  a  single  bath,  and 
40  gallons  the  smallest,  reckoning  waste.  The  Act  allows  four  children 
under  eight  years  old  to  bathe  together,  and  they  would  not  require 
more  than  50  gallons  between  them. 

It  is  but  right  that  I  should  mention  that  the  East  London  Water 
Works  Company  are  very  liberal  in  their  charges  for  the  water  supplied 
to  the  model  establishment ;  making  a  low  estimate  of  the  quantity 
supplied,  and  charging  for  it  only  half  their  usual  rate.  My  estimate' 
are,  of  course,  higher  than  theirs  would  be;  but  you  only  ask  for 
"  proximate  information,"  and  I  cannot  profess  to  give  you  other  than 
round  numbers. 

In  multiplying  the  daily  quantities  to  ascertain  the  year's  supply,  an 
allowance  must  be  made  for  Sundays.  With  the  sanction  of  the  present 
Archbishop  of  Canterbury  and  the  Bishop  of  London,  the  baths  are 
kept  open  from  six  o'clock  to  half-past  eight  o'clock,  a.m.  on  Sunday.^, 
so  as  to  afford  an  opportunity  of  bathing  to  those  labouring  men  whose 
work  lasts  till  late  on  Saturday  night,  or  who  cannot  be  accommodated 
then.  The  pressure  on  a  Saturday  night  is  sometimes  so  great  that 
hundreds  are  obliged  to  go  away  without  being  able  to  have  a  bath. 

I  have  not  the  means  of  well  answering  your  fourth  question,  as 
to  the  quantity  of  water  required  for  the  yearly  washing  of  the  clothes 
of  every  individual  It  has  been  estimated  that  every  woman  who 
resorts  to  the  wash-houses  once  a  week  washe-s  on  the  average  the 
clothes  of  about  eight  persons.  This  would  give  nearly  two  gallons 
a-week,  or  about  100  gallons  a-year,  for  every  person.  The  articles 
washed  by  her  are  for  those  whose  clothes  arc  but  few ;  persons  whose 
Tveekly  washing  expenditure  may  be  about  bd.  a-head.  Taking  the 
average  weekly  washing  expense  for  the  population  at  Is.  a  head 
(according  to  my  letter  *o  you  of  January  24),  and  the  expen- 
ditupe  of  water  for  washing  to  be  in  proportion  to  the  money  expen- 
diture for  it ;  we  should  thus  have  about  240  gallons  a-year  for  every 
person,  or  (reclaming  the  population  within  the  limits  of  metropolitan 
water  supply  at  two  millions)  an  aggregate  of  480,000,000  gallons 
(about  80,000,000  cubic  feet)  a-year  for  the  metropolis.  But  I  doubt 
whether  this  would  not  be  much  too  low^  an  estimate. 

Those  who  now  resort  to  the  wash-houses  have  learned,  of  necessity, 
great  economy  in  the  use  of  water  and  soap,  and  it  is  probable  that, 
from  habit,  as  well  as  to  save  in  soajj,  they  use  at  the  \Yash-houses 
little  more  water  than  they  can  help;  but  it  is  probable  that  wnshors 
who  have  water  at  command  and  turn  into  lather  the  soap  for  whiL-li 
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of^wLE5'lT''£^'  ^«"«''derable  number  of  those  who  do  the  work  M.BuUar. 
ol  washiM-  at  home)  are  much  more  h'beral  in  their  use  of  water  — 

likely  to  he  used  in  rinsin,  the^tl^lel^ltd^S^  TlXl 

estlmlfeUI  ^o/m^    i^^^^^^^^^^        l^l"^^  ^^at  the 

nearer  the  fact  than  tha    of  ^40  "-afn  .        r"^"^  T'^^  "'"^ 
«nn  nnn  nnn     71       /■  .  gallons,  makin":  the 

800,000,000  gallons,  (about  130,000,000  cubic  feet)  a  year. 


ag-gregate 


William  ffawes,  Esq.,  examined.  :; 

-proximate  estimate  vo,rmlfhrvP  consumed  ui  the  Metropolis,  or  any  - 
Is  to  the  cons^nptiroT  soan \v  T"''  ^^^^      ^^e  same! 

society  ?-Some  /ear    siLe  ns/ZT'T-  '^''f  ^u^^""""^  °f 
soap  by  the  different  clasIeroAn    .    I  estimated  the  consumption  of 
calculation  was  the  a.^^nHv  7"'"^^  7'^ The  basis  of  the 
Careful  mZy^Z  Zl  tZZl^^^^^^^         duty  by  the  Excise! 
that  indicated  by  the  Excise  rl^n^  •^"^  '"^'^^ 

by  inquiry  in  one  nmfo7r2^lZl  '''^"''"^  °b^-i"ed 
ing  chtsses  earnin/fro  n  io7to  so^^  the  quantity  used  by  the  labour- 

.^nnum,  including  every  membe  of      r'-r''^-' ^^'^^^ 
tion  of  the  Metropolis  ^,^  ^1  ^^^'^^  P«P'^ia- 

^nd  tradesmen,  labourers  and  the  t  '  ^ shopkeepers 
4  lbs.  to  each  respecdvelv  thi  ^  '  ^"^.^""^^"g:  lbs.,  10  lbs.,  and 
nearly  200  tons  pTr  S'^'         ^'^"'^""^P^ion  of  the  Metropolis  will  be 

^^^^'^^Z:!^7o^^:^^^^^  any  data  vou 

quantity  of  soap 'used  annua  ^n  in. 1^:^^  ^      ^^^hing  ?-The 
'ness  IS  about  55,000  or  possibly  60  nort  f       1*  '  T^""'"' 
the  quantity  supplied  by  iE  trade'    Th      ',  "'  ^'^^^^^'^^  «f 

per  ton,  is  2,475,000/.  '^f  this  soap,  at  45/. 


i 


3.  Can  you  estimate  the  exopn^P  t 
compared  with  soft  ?_Since  the  T^^'"^  ^ith  hard  water  as 

-ery  low  price,  and  its  aW  n  '"^""^^'^^"''e  of  crystals  of  soda  at  I 
-ap  from  washing  in  hard Ta  er 'Ct'  "^^'^^"S'       waste  of' 

«[soda  used  to  soften  water  as  'f  '  l?'!  "^''y  ^"^^"S"' 
of  a  trifling  amount.  '  ^  source  c 

.4.   Arevnn   nnf  o  i_  . 


The  quantity 
of  expense,  but 


Ti,ai:n ^  """""    ^  .i.„.teci        u.e  banks  of  the 

^•eason  an!   f '"P^'^'^^ture  of  the  deep  well      ?    '''ver.  1  cannot  say. 
r3  '  ^'•^"ble  which  a  supply     •  ^  P'^^'^^bly  one 

I'^-J  PP'y      P"'-e  water  would  save  in 

o 
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Mr.  Hnwes,  cleaning  tanks,  «fec.,  no  doubt  another.  But  I  have  not  heard  any  fault 
of  the  quality  of  the  water  supplied  ty  the  Water  Company  assigned 
as  a  reason  for  discontinuing  its  use. 

6.  What  is  the  degree  of  hardness  of  the  water  you  use? — The  water 
is  very  soft,  containing  only  a  little  carbonate  of  lime  and  soda. 

7.  What  is  the  expense  you  incur  in  obtaining  the  separate  supply 
of  soft  water  for  your  own  use  ? — It  is  difficult  to  say  exactly.  The 
steam-engine  is  always  pumping.  The  quantity  raised  is  about  80 
gallons  per  minute  raised  to  a  heiglit  of  120  or  130  feet. 

-  8.  Are  you  aware  Avhether  there  are  other  brewers  in  London  who 
use  the  Tlmmes  water?  If  they  do  not,  why  do  they  not  use  it? — 1 
cannot  answer  this  question. 

9.  Will  you  state  what  is  the  difference  in  the  solvent  power  of  water 
of  2  and  of  4  degrees  of  hardness  in  the  extraction  of  the  saccharine 
matter  from  a  given  quantity,  say,  a  quarter  of  malt?- 1  do  not  know 
what  is  meant  by  2  and  4  degrees  of  hardness;  althoiigli  I  am  not  reply- 
ing froMi  actual  knowledge,  I  should  not  think  any  water  used  by 
brewers  in  or  near  London  con  tains  sufficient  earthy  matter  to  affect  its 
extractive  power.  Earthy  or  Bvetallic  salts  would  affect  the  fermenta- 
tion of  the  wort  no  doubt. 

10.  As  a«  active  member  of  the  Committee  for  the  erection  of  Baths 
and  Wash-lionses,  you  have  probably  examined  the  expense  of  washing 
on  a  scale  : — Will  you  state  what  it  is,  and  any  contrast  which  it  may 
be  in  your  power  to  give  of  the  actual  expense  of  separate  washing  by 
the  poor  ?— I  have  no  experience  of  the  cost  of  washing  on  a  large 
scale.  The  principle  of  the  establishment  for  Baths  and  Laundries  for 
the  poor  is  to  provide  separate  places  for  each  washer.  It  appears  to 
me,  from  the  nature  and  condition  of  the  hnen  of  the  poor,  that  it  is 
quite  impossible  to  wash  it  in  bulk. 

11.  Have  you  any  knowledge  of  the  relative  value  of  hard  and  soft 
water  for  making  tea  for  culinary  purposes  ?— No  :  but  hard  water  gejie- 
rally  becomes  soft  bv  boiling.  The  decreased  specific  gravity  of  the 
water  when  heated,  as  well  as  the  mechanical  effect  of  steam  bubbhng 
through  it  when  boiling,  causes  many  earthy  salts  to  be  precipitated. 
See  the  incrustation  of  earthy  matter  in  kettles,  boilers,  «&c. 


Charles  Gatliff,  Esq.,  examined. 
jir.Gatiifr,      I  believe  von  are  the  Secretary  to  the  Society  for  Improving  the 

  Dwellings  of  the  Labouring  Classes  ?— 1  am  Secretary  to  the  Metropolitan 

Association  for  Improving  the  Dwellings  of  the  Industrious  Classes. 

Will  you  state  what  was  the  expense,  in  the  several  blocks  of  build- 
ings belonging  to  that  Society,  for  laying  on  the  water  ?— The  expense 
of  laying  on  the  water,  including  cisterns,  ball-cocks,  extra  pipes,  &c. 

■was —  ,  .   £.    s.  d. 

In  the  buildings  of  the  Association  in  the  Old  Fancxas-Ujy    ^  q 

road  .  .  .  •  •  •  '1 
In  the    dwelling   for  single  men  in  Albert-street,}    92    o  0 

Buxton -street,  Spitalfields  .  •  •] 
Dwellings  for  families,  in  Albert-street,  aforesaid     .    240  15  0 

£849  15  0 
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How  much  of  this  was  due  to  the  cisterns  ?— 488/.  10*.  Mr.  GatUff, 

How  much  would  it  have  been  in  the  absence  of  cisterns  ?— In  the  ~~ 
absence  of  cisterns  alone  it  would  have  been  361/.  5s.    In  the  absence 
of  cisterns,  ball-cocks,  extra  pipes,  &c.,  it  would  have  been  92/  15^ 
unless  other  arrangements  were  necessary,  upon  which  I  should'  not 
presume  to  give  an  opinion.    Our  contractors  consider  strono-er  rising 
mains  would  be  necessary.  °  7 

Did  you  make  application  to  any  of  the  water  companies  to  eiVe 
you  a  constant  supply  for  the  buildings  ?— Yes  ;  I  applied  to  the  Ne^ 
River  Company,  and  also  to  the  East  London  Waterworks  Comoanv 
through  the  Surveyor  of  the  latter.  ^' 
How  was  the  application  received  by  the  Board  of  Directors  The 
Directors  of  the  New  River  Company  stated  that  it  could  not  be  fur 
nished,  and  doubted  its  practicabilitv.     The  Surveyor  of  the  East 
London  Waterworks  Company  stated  they  did  not  furnish  a  constant 
supply  from  the  main  ;  that  it  would  be  always  on  to  the  ground-floor 
cisterns,  and  that  the  other  cisterns  Tvould  be  filled  every  night 

How  much  will  the  cisterns  add  to  the  rent,  including  in  your  esti- 
mate of  the  rent  not  only  the  original  outlay,  but  calculating  for  wear 
and  t^ar  and  dilapidation  ?-The  cisterns,  ball-cocks,  extra  pipes,  and 
wear  and  tear  of  them  wiH  amount  to  2d.  per  week  fur  each  set  of  rooms 
as  near  as  I  can  calculate,  the  rents  of  which  vary  from  3s.  Qd.  to 
o*.  Dct.  per  week. 

Is  the  water  delivered  unfiltered  .?_I  should  tei-m  it  so,  though  I  have 
understood  both  companies  have  filtcring-beds 

Do  the  tenants  filter  it  themselves  ?-I  do  not  think  they  do. 

Have  you  considered  the  means  of  filtration  for  these  houses  ?— I  did 
with  regard  to  the  dwelling-house  for  single  men,  in  Sbert-steef 
Spitalfields^  I  aave  had  Mauras's  filtering-machine  under  considera^on 

m.f  T  'T'^^     bringing^it  into  operation  there.  ' 

What  are  the  obstacles  to  the  introduction  of  filters  .?-The  expense 

Wh.t''  'm"lf  '""S^^  by  this  Associati  n.  ^ 

them  to  t^l°f  '"f"'"  ^«  P^^^^de  filters,  and  charge 

th^m  to  the  tenants  m  the  rent  ?-I  should  think  not  more  than  1^.^ 

P  Jducrariittle  tLu^^'^^  ^'-^^^  the  soil-pans 

rofs'lon    t*^^^^^  less^  than,  common  bogs  or  cess- 

pools.—On    two    years'  experience  only  of  110  soil-nans    in  tL 

m  3 T  ""''^  Pancras-road,  I  shouW  saTtlle^  we^e 

dso  the  f^Hl-rT""  ''''^''^'^  ^«^b  on  account  ofCble  and 

It 
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capt^uish.  Letter  from  Mark  Huish,  Esq. 

London  and  North  Western  Railway, 
General  Manager's  Office, 
Sir,  Euston  Station,  January  9,  1850, 

In  reply  to  your  letter  of  the  3rd  instant,  written  by  direction  of 
the  Metropolitan  Sanitary  Commissioners,  I  beg  to  send  you  the  foliow- 
inp:  particulars  of  the  supply  of  water  for  the  use  of  the  Railway 
Company. 

This  supply  is  derived  from  two  sources ;  first,  that  required  for  the 
locomotive  engines ;  and,  secondly,  that  for  the  purposes  of  the  offices 
at  Euston  Station,  for  washing  carriages,  the  supply  of  the  Euston  and 
Victoria  Hotels,  and  for  the  tenants  of  the  Company's  houses  adjoining 
the  Camden  and  Euston  Stations. 

First,  the  supply  of  water  for  locomotive  engines. 

This  is  derived  from  the  Regent's  Canal,  whence  the  water  is  pumped 
into  tanks  provided  for  its  reception.  The  reason  for  our  coutinumg 
the  use  of  the  canal  water  will  be  seen  in  my  further  remarks. 

Second,  the  supply  of  water  for  Euston  Station. 

This  is  derived  from  an  artesian  well,  sunk  at  Camden  Station  two 
years  ago.  This  well  passes  through  the  London  clay  into  the  chalk. 
The  well  is  9  feet  6  inches  in  diameter  for  a  depth  of  ISO  feet,  where  it 
terminates  upon  a  cast-iron  plate,  in  the  centre  of  which  is  an  aperture 
12  inches  in  diameter,  through  which  a  bore-hole  is  earned  down  a 
further  depth  of  220  feet,  the  last  166  of  which  is  in  the  chalk;  the 
total  depth  of  the  well  and  boring  is  400  feet.  The  water  used  to  stand 
at  a  level  of  144  feet  from  the  surface  of  the  ground,  but  it  is  now 
about  6  feet  lower ;  whether  this  arises  from  the  exhaustion  of  the 
springs,  or  from  the  bore-hole  having  become  partially  choked,  is  a 
matter  which  can  be  determined  by  clearing  out  the  hole  with  the  bormg 

Our  engineer,  Mr.  Dockray,  informs  me  that  the  water  has  been 
analysed,  and  that  it  contains  as  follows : — 

Solid  Matter 
per  Imperial  Gallon. 
Grains. 

Sulphate  of  soda        .        .        •        •        *    Ir  .Jo 

Carbonate  of  soda  U-IO 

Muriate  of  soda  •        •  '  o.^n 

Carbonaceous  matter  and  traces  of  silica  . 

44-00 


For  household  purposes  this  water  is  exceedingly  good,  and  is  in 
high  repute  with  the  Company's  tenants. 

^It  was  originally  the  intention  of  the  Company  in  «^"king  the  we I  to 
deri^ra  supply  for  the  locomotive  engines  at  a  lower  cost  than  l  ey 
iuld  get  itZm  the  Regent's  Canal  Company.  It  ^yas  supposed  a 
?he  water  would  be  suitable  for  the  locomotive  engines  because  that 
obta^ied  fmm  the  chalk  at  Tring  and  Watford  was  all  that  could  e 
de  f ml  On  trial,  however,  much  to  our  surprise,  the  water  from  the 
Camd  n  we  ,  although  deri;ed  from  the  chalk,  was  found  to  prmie  so 
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violently  as  to  be  quite  useless  for  locomotive  purposes,  without  the  Capt.  iiuish. 
admixture  of  some  chemical  ingredient  to  neutralise  its  alkaline  pro-  — 
perties.    We  were,  therefore,  obliged  to  return  to  the  canal  for  the 
supply  for  this  purpose. 

The  analysis  of  the  waters  from  Tring  and  Watford  shows  that  they  - 
contain  only  about  one-half  of  the  solid  matter  that  the  water  from 
Camden  well  does,  and  that  this  matter  is  lime,  and  not  soda. 

The  consumption  of  water  from  the  well  at  Camden  Station  is: 
121,750  gallons  per  diem. 

Should  there  be  any  further  information  which  you  conceive  would 
be  interestmg  to  the  Commissioners,  I  shall  be  happy  to  supply  it  • 
and  our  resident  engineer  (Mr.  Dockray),  who  is  a  highly  intelligent' 
officer,  would  probably  be  able  to  give  valuable  information,  certainly, 
far  more  than  I  can,  should  the  Commissioners  think  it  desirable  to- 
examine  him. 

In  conclusion,  I  may  add  that  a  very  accurate  account  of  the  Camden 
well  and  of  several  others  may  be  found  in  «  Weale's  Rudimentary' 
Treatise  on  Well-digging  and  Boring." 

I  am.  Sir, 

Your  obedient  servant, 
To  the  Secretary  of  the  Makk  HuiSH. 

Metropolitan  Sanitary  Commission, 

Gwydyr  House,  Whitehall. 


William  Millard^  Highgate,  examined.  n 
I  al'.''      ^'^'^  '""P^^y  Worley  of  Highgate  Mr.Mniard. 

How  bng  have  you  been  in  his  service  ?-Upwards  of  four  years. 

Mr.  Worleyhas  considerable  business  in  the  plumbing  trade  in  Hiah- 
gate  and  the  neighbourhood,  has  he  not?-Yes;  he  doL  the  lnci£ 
business  here    He  has  carried  on  the  trade  here  all  h  s  life  Td  Si 
'^:!^:CJZ^  '-'-'^       ^  --^^'^^  «ei.ure,tnd  ?:^n^w , 

ship  to  Mr.  Hatton,  who  was  a  very  experienced  plumber.  ^  ^P''"'^'' 

obs^rTnrthet'tion  ^  ;:ror  Li^.L^^  LT 1 °pp°^^"^'^-  «^ 

ties  of  obLving  the  actionT^^^^^^^ 

a  ^::z:]^^z      ""^-'^ -ot^- ri;::;.  knew 

than  in  others  LT  aUnltt  \  1  T^'u  ^"  ''""'^  '^^'•^^  '^'^  village 
neighbourhood.  °  '''y^^'^'^  ^l^e  in  the 

You  speak  of  the  deep  well-water  ?— Yes 
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Mr.  Miiiani.  What  is  vour  ohseryation  of  the  diffcent  action  of  hard  and  soft  water 
on  leaden  cisterns  ? — The  hard  water  eats  the  cistern  away ;  the  soft 
water,  that  is  rain  water,  does  not  sensibly  touch  it  at  all.  The  hard 
water  of  Highgate  will,  in  a  few  years,  eat  the  bottom  of  a  leaden 
cistern  entirely  away,  so  that  it  will  be  useless. 

In  how  many  years  ? — In  about  three  or  four  years. 

Does  not  a  leaden  cistern  usually  last  longer  than  that  in  Higbgate? 
No ;  it  eats  holes  in  th€  bottom,  particulaly  at  the  places  where  there  is 
solder,  giving  it  a  honeycomb  appearance.  This  is  so  nmch  the  ease, 
that  it  is  a  common  custom  here  for  the  people  to  have  their  cisterns 
painted. 

Is  that  a  protection  ? — Yes,  if  the  paint  is  allowed  time  to  get  thoroughly 
dry  before  the  water  is  let  into  the  cistern,  the  water  docs  not  act  upon 
dry  lead,  and  the  cisterns  will  tlien  last  for  years. 

What  would  be  the  appearance  of  a  leaden  cistern  holding  rain-water, 
at  the  end  of  four  years  ?— It  might  be  black  and  dirty  from  the  «;ttle- 
ment  of  filth  from  the  roof  and  so  on,  but  when  it  came  to  be  scoured 
out  and  cleaned,  the  lead  itself  would  be  as  good  as  new. 

Have  you  seen  many  examples  of  this? — Yes;  it  is  the  general 
experience,  and  there  is  in  this  bowse  an  example  of  it.  There  are  in 
this  house  two  cisterns,  one  for  hard  and  the  other  for  soft  water.  The 
bottom  of  the  hard  water  cistern  is  full  of  holes,  though  not  quite  through  ; 
but  the  rain  water  cistern  is  no  worse  for  use ;  when  I  cleaned  it  out  a 
short  time  ago,  it  seemed  to  me  as  good  as  new. 

Have  you  observed  the  action  of  the  water  supplied  by  the  New  River 
Company  on  cisterns  ?— I  have  cleansed  many  out,  and  have  observed 
that  the  corrosion  is  not  half  as  great  as  in  the  case  of  the  harder  water. 
The  cisterns  which  contain  the  New  River  Company*s  water,  last  twice 
as  long  as  the  well-water  cisterns. 

There  are  then  in  Higbgate  three  kinds  of  water— a  very  hard  water, 
a- water  of  moderate  hardness,  and  a  soft  or  rain  water — and  you  have 
had  opportunities  of  observing  the  action  of  each  kind  of  water  on  leaden 
cisterns  and  pipes? — I  have,  and  from  all  my  experience,  I  think  the 
effect  of  hard  water  upon  lead  is  far  greater  than  the  effect  of  sof  t  water. 
I  have  always  found  the  harder  the  water  the  quicker  it  eats  the  lead 
away.   


Mr.  William  MelJmish,  Plumber,  &c.,  of  9,  Bedford-street,  Bedford- 
row,  examined. 

Mr.  You  have  resided,  I  believe,  some  years  in  London?— I  have  for 
Meihuish.  ^^^y  ^^^^g^  ^^^^  J  jjypjj      Bath  and  Bristol. 

Have  you  not,  in  the  course  of  your  experience,  found  that  people 
have  of  late  years  paid  much  more  attention  to  the  quaUties  of  the  water 
they  use  than  they  used  to  do  ?~- Yes,  decidedly  so. 

We  have  been  informed  that  lead  cisterns  in  and  about  London  are 
found  much  worn  at  the  bottom  and  sides  ;  can  you  speak  to  this  from 
your  experience?— I  have  found  them  so  worn  at  the  bottom  but  not  at 
the  sides,  except  in  some  cases  at  Hampstead,  where  the  water  preys 
upon  the  sides  and  partly  destroys  it.  I  Imve  found  carbuncles  stuck 
on  it  as  large  as  mv  thumb. 

That  was  hard  "water,  I  suppose?— Yes ?  and  the  water  delivered  at- 
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Kentisli  Town  is  tea  times  ,  wbrse.  The  Hampslead  ponds,  from  Mr, 
which  I  think  the  water  comes,  are  full  of  animalculae,  and  especially 
of  those  with  lon^'  bodies  and  large  heads.  There  are,  indeed,  all  sorts 
of  insects  in  the  water.  I  had  to  live  in  Kentish  Town  for  two  years  for 
the  sake  of  the  health  of  my  daughter,  and  I  found  the  water  there  so  bad 
that  I  made  a  contrivance  by  which  I  always  procured  distilled  water  for 
my  use.  I  had  a  leaden  vessel  prepared,  into  which  water  was  con- 
veyed from  the  cistern,  and  from  which  a  pipe  conveyed  the  water  to. 
the  boiler.  From  the  boiler  another  pipe  carried  the  steam  into  an 
outer  case  which  surrounded  the  cold  water  vessel,  and  which  formed, 
as  it  is  termed,  a  double  jacket  to  that  vessel.  The  steam  was  thus 
condensed,  and  the  distilled  water  was  received  into  jars  from  a  pipe 
communicating  with  the  outer  case  of  the  cold  water  vessel.  I  had 
thus  always  clear  pure  water  to  drink  and  to  use  ibr  other  purposes. 
Comparing  them,  the  distilled  water  looked  like  a  white  handkerchief, 
while  the  other  was  like  a  brown  towel. 

What  residue  was  there  left  in  the  still? — When  I  cut  it  open  to 
ascertain  the  effect  of  the  water  upon  the  lead,  I  found  all  quite  clean 
as  when  first  put  up.  I  continued  thus  to  distil  the  water  until  I  left 
Kentish  Town,  owing  to  my  daughter  having  recovered  her  health.  I 
could  always  tell  the  difference  when  other  than  this  distilled  water  was 
used  for  making  our  tea.  When  I  was  away  once  for  a  few  days  the 
still  was  unust'df,  and  I  immediately  distinguished  the  difference. 

Did  you  notice  how  far. the  tea  went,  using  soft  water,  compared  with 
hard  ?— No,:  I  did  not ;  hut  I  know  that  I  gut  better  tea  with  the  dis- 
tilled water.    And  it  was  so  soft  that  you  could  wash  your  hands  in  it^ 
almost  without  soap ;  and  the  difference  tlie  use  of  the  twO  waters  made 
in  the  appearance  of  laces  and  caps  was  astonishing. 

Then  you  thought  it  quite  worth  while  to  distil  thp  water  ?— Yes,  I 
continued  to  do  so  till  I  left  the  house. 

Have  you  observed  that  all  Thames  water  acts  upon  lead  cisterns? — 
Yes ;  but  in  some  old  cisterns  of  200  years  of  age,  and  which  are  made 
of  very  thick  lead,  the  water  has  only  eaten  half  through  them,  while 
m  modern  cisterns  the  waler  has  eaten  quite  through  the  lead. 

Is  all  this  eating  from  within,  or  is  it  the  action  of  rust,  or  the  decay, 
of  the  cistern  from  the  outside  ?— No,  it  is  the  action  of  the  water 
within  upon  the  bottom. 

In  what  time  have  you  had  cisterns  thus  destroyed  ?  — In  one  in- 
stance, where  I  had  as  usual  used  lead  8  lbs.  to  the  foot,  it  was,  to  my 
great  surprise,  eaten  through  in  three  years.    1  had  to  put  a  new 
cement  bottom.    That  was  Kentish  Town  water. 
■  Have  you  had  similar  results  with  the  Thames  water  ?—Y''es. 
,  And  with  the  New  River  water?  —  !  have  had  a  cistern  16  years 
in  wear,  and  there  are  now  only  a  few  spots  on  the  surface  of  the  lead.' 
mat  is  New  River  water.    And  I  conclude  from  this  and  other  cir- 
cumstances, that  not  only  some  water  acts  more  on  lead  than  other 
^"^t  ^'^ler  acts  more  on  some  kinds  of  lead  than  on  others: 
Jl' ,  7'?"^^  the  leiid  being  brought  from  different 

•      .  ^"""t'T-    I  conceive  as  much  difference  arises  from  the 
iLdo-mincs  It  comes  from  as  from  the  water  which  is  u«ed 
Rivp.  !        ^^^^      instance  in  which  you  have  found  that  the  New 
Kiver  water  has  acted  upon  the  lead  ?~There  was  oi.e  latelv,  but  the 


Mr. 
Mclliuish. 
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nn  uITl^"?  .k'""  A"  '-^f  """"y  y""""'-  ^  ^^"-^^''^'y  think  it  prevs  less 
on  the  lead  than  the  Than.es  water.  At  Bromley,  too,  I  have  'found 
the  water  eat  through  thick  lead  pipes  in  two  years.  That  is  the 
ijuickest  action  of  water  on  lead  I  know  of. 

In  what  parts  of  the  metropolis  have  you  had  cisterns  to  repair  on  ac- 
count  of  the  bottoms  giving  ?_In  Wandsworth,  in  the  Southwark  and 
Vauxhall  district,  and  in  the  West  Middlesex  district. 

Dicl  you  find  much  difference  in  the  action  of  the  water  on  lead  in 
w     AT- , ,  ^""'^tion  district,  where  the  water  is  filtered,  and  in  the 
West  Middlesex,  where  the  water  is  not  filtered  .''—No ;  and  I  have 
found  the  incrustation  takes  place  quite  as  much  from  filtered  New 
Kiver  water  as  from  common  iinfiltered  water. 

Supposing  you  had  a  long  range  of  buildings,  and  had  to  put  cisterns 
to  them,  and  used  either  filtered  or  unfiltered  water,  how  much  per 
ceritage  ought  fairly  to  be  put  down  for  dilapidations ;  or  supposing 
you  wanted  to  form  a  fund  to  cover  any  damage  or  repairs,  what  period 
do  you  think  it  would  be  safe  to  calculate  the  cisterns  would  require 
renewing? — I  should  say  they  would  want  new  bottoms  in  30  years^ 
supposing  the  8  lb.  lead  and  New  River  unfiltered  water  to  be  used. 

In  the  New  River  and  other  districts  have  you  found  any  trace  of 
-wear  in  the  house-service  pipes  when  they  have  been  taken  up  ? — No. 
I  have  never  found  anything  of  that  kind.  The  water  does  not  seem  to 
act  on  the  pipes  that  merely  supply  it,  but  on  the  bottom  of  the  cisterns 
•where  the  water  remains. 

What  water  is  that  you  spoke  of  at  Bromley  ?— I  have  no  doubt  it 
was  impregnated  with  lead ;  that  kind  of  water  eats  away  lead  quicker 
than  any  other. 

Did  your  distilled  water  act  on  the  interior  of  the  pipes  ? — No. 

Are  you  aware  that  at  the  Bishop's  Palace  at  Farnham,  where  they  have 
■water  of  not  more  than  one  degree  of  hardness,  they  have  never  been 
inconvenienced  from  the  action  of  the  water  upon  the  lead  ?— No,  I 
am  not;  but  during  my  seven  years  apprenticeship  in  Bath,  I  never 
remember  any  inconvenience  of  the  kind  from  the  soft  water  which 
they  have  there,  and  which  comes  from  the  freestone. 

You  say  that  Kentish  Town  water  is  impure  ? — I  think  it  the  most 
impure,  and  the  New  River  by  far  the  best  of  the  London  waters. 

Are  there  many  places  in  London  where  you  have  put  cisterns 
for  rain  water  ? — Yes ;  but  rain  water  never  acts  upon  the  lead,  and  I 
never  knew  a  rain  water  cistern  that  was  decayed. 

Then,  from  all  your  own  practical  experience,  first,  of  the  effects  of 
soft  water  at  Bath,  and  then  of  hard  water  in  Loudon,  you  would  not 
be  afraid  of  a  supply  of  soft  water  to  the  metropolis  ? — Certainly  not. 
I  have  never  found  any  action  from  the  water  either  in  soft-water 
cisterns  or  pipes. 

If  you  could  get  water  as  nearly  to  distilled  water  in  purity  as 
possible,  would  you  not  esteem  it  a  blessing  to  the  population  ?■ — I  do 
not  know  how  the  apparent  fact  would  operate  that  the  purer  the  water 
the  more  it  preys  upon  the  lead. 

But  does  not  your  experience,  both  as  to  rain  water  and  the  Bath 
•water,  show  that  pure  water  does  not  act  upon  the  lead  at  all  ? — 
Certainly,  I  have  always  found  that  they  do  not. 
J  Then  it  is  a  general  impression  through  your  trade   that  rain 
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water  does  i3ot  act  upon  lead  ?-I  have  never  known  it,  and  never 
heard  that  it  acts  upon  lead. 

Have  you  found  that  the  Kentish  Town  water  coming  from  the 
Hampstead  ponds  is  harder  than  the  New  River  water  P-Yes  it^s  far 
harder.  My  cistern  with  New  River  water  has  been,  as  I  hav^  al  ady 
sa,d,  16  years  m  use,  and  has  not  been  acted  on  at  all ;  but  I  mult 
repeat,  as  much  depends  on  the  quality  of  the  lead  ifJ  f 
action  of  the  water  upon  the  lead.  ^  '  "P°" 

William  Hawkins,  Plumber  to  Mr.  Short,  of  Kentish-town  * 

examined. 

You  perform  the  plumbing  work  for  Mr.  Short?—!  perform  all  his 
plumbing;  work  :  no  one  else  is  employed  by  him  in  this  nn?t  nf 
trade.    I  have  scarcely  anything  to  d'o  ^ith  the  paTntL 

Have  you  much  experience  of  plumbing?-!  have  verv  erPnf  »v 
penence  in  it;  I  have  been  with  Mr.  Short  during  the Ta7t  14  LT 

FrL  T^  principal  plumbing  work  of  I^entish?town. 
themmpt^d  pon^S::  ^"^P"^^  ^^^^  water?-From 

i'l^nlV^'"  ""^^'^  'T'y'^  ^'■""^       ponds  into  the  houses  f-T^v  . 

conve^d  into  t;,ein.erit°„f  the  hour.  ""^ 
How  ofieii  h  the  water  laid  on  ?-Three  times  a  week 

BupJ':,;^^^^^^^^^^^^  -n.  the  water.- 

ac.t':„'"h'eseTcei;°ad:,7  the"",™'  '»  -J 

aclioaon  =.ny  of  Se  exce^J.  „„  H   ^  'T  ""y  Perceptible 

Whai  1,»„1  ■   ""='=,P""g  on  llie  leaden  cisterns. 

-]!r  ™  t  ercis*„';rM:  %  r  t'"''    "^p^'-"  p™* 

cisterns  v;rv  much  maWnT  1  l       '  u  '°  bottoms  of  the 

■e^^andTfuo tWre^iir^ornt-'pat  -der.,  the. 
corrosionSlt'tw""™™*:"  ^"^  »PP-""ce  of 

the  bottom  of  the  cistern   whTl     u  '  '""""S  "  "Wie  substance  at 
Pr-ier;  and  if  tL  c is^^s  no  £  ""'f 

«»"  »ill  cat  its  way  comX  elv  constantly  cleansed,  this  corro- 

astern  leaky.        '  "'""'P'etely  through  the  lead,  so  as  to  render  the 

5°t>om  o^'the  dae™"^  Ti"  '/  '"u^'"  ""'"^^  '^'""P'eteiy  throun-h  the 
«i««l>ed  it  may  no,  t  Jaten"  t""' ^'       "'S"  ^"Wen  if  Zt 

-r  corrode/  is  so  l^rV^gr-S  blst^lild^^^^^^^  ■ 


Mr. 

Melhuisli. 


Mr. 

Howkiiis. 
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oyer  it ;  kit  when  once  removed,  it  is  found  that  the  lead  ia  com- 
pletely eaten  through  underneath.  | 

Tlien  a  leaden  cistern  in  Kentish-town  does  not  last  very  long?— 
No,  not  without  repairing;  but  if  washed  out  constantly, — say  every 
six  weeks, — a  cistern  may  last  six  or  seven  years.  I  have  myself  an 
instance  of  this  in  a  ciatem  which  I  have  attended  to  myself,  and  have 
regularly  cleansed  every  six  weeks.  The  bottom  of  this  cistern  has 
lasted  to  my  own  knowledge— for  I  ptit  the  bottcan  in  myself— seven 
years. 

It  has  been  stated  that  coating  the  bottom  of  the  cistern  with  a  thick 
layer  of  paint  will  defend  it  from  the  action  of  the  water.  Do  you  think  , 
this  would  afford  a  protection  ?— I  have  had  no  experience  of  that ;  but  | 
I  have  myself  made  a  compost  consisting  of  bees'  wax,  resin,  and 
mutton  suet  boiled  together  and  spread  while  hot  over  the  bottom  of 
the  cistern,  which  has  answered  etfectualty,  having  to  my  own  know- 
ledge succeeded,  in  preserving  a  cisteni  eight  or  ten  years. 

But  supposing  no  particular  care  were  taken  of  a  cistern,  how  long 
would  it  last  without  being  corroded  quite  through  ?— That  would 
depend  on  the  substance  of  the  lead. 

'  Supposing"  it  to  be  made  of  the  ordinary  substance  ? — We  usually 
make  it  of  six  pounds  to  the  square  foot  ibr  Kentish-town  wear. 

Then  suppose  a  cistern  made  of  lead  six  pounds  to  the  square  foot^  ^ 
how  long  would  this  last  in  Kentish-'tovvn,  no  particular  care  being  taken  | 
of  it  ? — From  one  to  two  years  before  it  would  be  eaten  through.  ' 
•   Suppose  a  cistern  made  of  lead  exactly  of  the  same  quality  and 
thickness,  that  is  six  pounds  to  the  square  foot,  to  contain  rain  water 
instead  of  Harapstead  pond  water,  how  long  would  that  last  without 
being  corroded  through?— The  rain  water  would  hstve  no  effect  at  all' 
upon  it.    By  mere  wear  it  may  produce  some  effect  in  twenty  years, 
but  as  f»r  as- my  observation  may  enable  me  to  judge,  it  would  go  on 
year  after  year  without  any  sensible  eff'ect  being  produced  upon  it.  I 
have  myself  cleaned  out  rain-water  cisterns  when  they  have  been  inches 
deep  of  sediment  at  the  bottom,  consisting  of  all  sorts  of  filth  from  the  || 
roof,  and  so  on,  but  have  always  found  them  perfectly  sound  and  free 
from  any  corrosion. 

Have  you  had  any  opijortunity  of  observing  the  action  of  lead  on  the 
service-pipes?— The  earth,  or  the  substances  in  the  ground  which  may 
be  in  contact  with  the  pipe,  may  perish  the  lead,  but  1  have  never 
observed  any  action  of  the  water  itself  upon  it. 

This  you  say  of  the  lead  pipes  distributing  the  Hampstead  pond 
water  ? — Yes. 

Have  you  had  any  opportunity  of  observing  the  action  of  rain  water' 
lipon  leaden  pipes  ? — It  has  no  action  whatever  upon  them.  I  have 
myself  taken  down  leaden  pipes  transmitting  rain  water  for  forty  years, 
and  the  lead  then  appeared  perfectly  sound,  presenting  no  apiiearance 
whatever  of  any  action  upon  it. 

■  Then  as  the  general  result  of  your  observation  and  experience,  you 
would  say  that  liard  water  acts  upon  lead  in  a  greater  degree  than  soft 
Water  ?— ^That  is  just  what  1  have  always  observed. 
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"Mr.  Griffiths,  Journeyman  Plumter.  Mr.Griffltiis. 

Where  Rare  you  worked  ?— Eleven  or  twelve  years  in  London ;  at  ~ 
Kingston,  four  years. 

What  have  you  observed  as  to  the  effect  of  hard  water  on  leaden 
cisterns  ? — The  harder  the  water  the  more  it  acts  on  lead  r  the  softer 
the  less  it  acts.  * 

How  does  the  hard  water  act  ?— In  eating  away  the  cistern.  It  gene- 
rally eats  away  round  the  solder  first,  because  that  is  the  harder  metal 

Do  yoti  generally  find  the  hardest  metal  first  acted  upon  ?_There  are 
various  sorts  of  lead;  I  have  generally  observed  the  hardest  metal  first 
acted  upoti. 

Do  yoa  mean  tire  hardest  metal,  not  at  tlie  solder,  but  at  the  surface  ^ 
— Yes. 

Have  you  ever  observed  the  action  of  waters  on  the  inside  of  pipes'  

No,  we  never  cut  them  open  ;  I  never  had  the  curiosity  to  look  in  them 
to  see.    But  we  observe  the  action  of  things  on  the  outside  of  pipes 
Lime  acts  very  pmvcrfully  on  pipes.    Thus,  if  we  carry  a  lead  pipe 
through  a  wall  which  has  lime  in  it,  the  lime  eats  away  and  destroys  it 
borne  of  the  clays  act  on  the  outside  of  lead  ;  the  yellow  clay  eits  it 
away  soon  ;  we  don't  find  the  hhie  days  act  so  much  upon  lead  pipes 
but  that  depends  upon  the  different  parts  of  the  country  where  the  clav 
is;  m  some  parts  of  the  country  blue  clay  will  act  on  leaden  pipes.  In 
some  parts  of  the  country  yellow  clay  does  not  act  so  much  upon  lead  as 
in  others. 

How  do  you  find  leaden  pipes  affected  which  go  on  the  outside  of 
premises,  and  are  only  exposed  to  the  action  of  ram,  such  as  leaden 
pipes  cros.Tng_.reas?-r  never  knew  any  damage  through  rain,in  my 
hfe    rf  there  ,s  amthmg  the  matter  with  them,  it  is  generally  the  fro^ 
which  causes  U  and  they  are  very  httle  acted  upon  in  the  way  of  decay. 

them"' if".       T  T"'"  ^^"^^""^  which  acts  t,pon 

'.K  '  '''^'^^  They  decay  generally  from 

find'tt  llfd  ^^-^'/'"^^^-.^^^  leaden'gutteile  sometimes 

-h'^e  powder;  we  seldom  find 

wa?e%'^'ri'^''  'V"'  ^"^  ^'^^  ^^^^'^^  ^^P«"  from  rain- 
w^ter?-r  never  observed  any,  not  a  bit  of  difference  where  the  water 
must  have  run  over  one  part  of  the  surface  more  than  the  rest. 


Dear  Sir, 


Lrt-eeu  from  William  Lee,  Esq. 

Shield,  March  Uth,  1848.  : 


w  11  perce,™  ihat  some  liltle  time  was  necessary  in  orcler 
fur 


Messrs  This  may  excuse  for  the  delav. 

th?  Lhargt  oTi?^^^^^^^  H  Ho.herham,  are  patentees  of  a  tap 
)ruarY  W  with  I        .  Pressures.    They  called  upon  me  in 

fi'e  Plu/and  ;ta  d  'Y'  ^^e  puipose  of  u 

with  it."^       ''^"'^         "''^  expressed  a  wish  to  make  an  experiment 


Experiments  on  cleansing  Streets  with  the  Jet. 


rn  ^^^^^^  ^'^^     ^^^"^  '^^  powers  to  extinguish  fires,  we  selected 

-  Church-street,  one  of  the  most  public  thoroughfares  in  the  town,  and 
containing  the  hall  of  the  Corporation  of  Cutlers,  a  rather  lofty  build- 
ing. At  my  request,  the  apparatus  was  applied  with  the  most  perfect 
success  to  the  cleansing  of  the  street ;  the  Mayor,  the  Town  Regent,  and 
many  other  influential  persons  were  present.  The  hose  was  of  leather, 
3  inches  diameter,  and  about  60  yards  long,  with  a  discharge  pipe 
inch  diameter.  The  carriage  way  is  from  20  to  24  feet  wide,  and  about 
150  yards  long.  It  was  washed  almost  as  clean  as  a  house-floor  in  five 
minutes.  The  surface  of  the  reservoir  is  350  feet  higher  than  the  point 
of  discharge,  and  2557  yards  distant  from  it.  The  time  occupied,  and 
the  efficacy  of  the  cleansing  experiment,  depended,  of  course,  upon  the 
quantity  and  force  of  the  water,  and  not,  to  any  material  extent,  upon 
the  use  of  Messrs.  Guest  and  Chrimes's  stand  pipe.  The  apparatus  will, 
however,  be  very  useful  where  a  constant  supply  of  water  at  high 
pressure  is  given,  and  deserves  a  brief  description. 

It  consists  of  two  parts ;  one  of  which,  containing  a  female  screw 
and  closed  valve,  is  to  replace  the  common  fire  plug,  to  be  fast  to  the 
main  pipe,  and  to  be  covered,  when  not  in  use,  by  a  metal  cap.  The 
other  part  is  the  stand  pipe — a  copper  cylinder  about  2  feet  long,  which 
screws  on  to  the  fire  plug.  On  the  sides  of  the  cylinder,  about  6  inches 
from  the  top,  are  two  arms  at  riffht  angles,  and  each  about  4  inches 
long,  with  screws  to  attach  the  hose.  A  screw  piston  about  half  an  inch  in 
diameter,  with  crutch  handle,  working  in  a  stuffing  box,  passes  through 
the  centre  of  the  upright  cylinder,  and  opens  or  shuts  the  valve  of  the 
fire  plug.  Its  advantages  are,  that  it  can  be  applied  to  the  mains,  and 
used  with  great  readiness,  without  the  assistance  of  the  turncock,  at 
any  amount  of  vertical  pressure.  With  the  ordinary  plug  it  is  neces- 
sary, on  the  discovery  of  a  fire  to  seek  the  turncock,  who  is  obliged,  if 
the  mains  are  full  and  a  constant  supply  given,  to  seek  the  nearest  main- 
tap,  and  turn  off  the  water  until  the  fire  plug  is  opened  and  the  hose 
attached,  and  then  to  go  back  and  turn  it  on  again.  In  the  midst  of 
the  confusion  much  valuable  time  is  thus  added  to  that  already  lost 
in  procuring  the  engines,  and  the  jet  is  at  last  directed,  as  a  matter  of 
prudence,  to  the  preservation  of  adjoining  buildings,  leaving  that  in 
which  the  fire  originated  to  certain  destruction.  If  this  apparatus  were 
at  hand  two  men  could  have  it  in  full  operation  in  less  than  two 
minutes.  By  a  slight  increase  in  the  diameter  of  the  stand  pipe,  four 
arms  might  be  connected  with  it,  and  four  jets,  managed  by  as  many 
men,  would  throw  into  any  building  torrents  of  water  sufficient  to  extin- 
guish speedily  any  fire  tliat  had  not  been  long  raging. 

It  will  be  obvious  that  this  saving  of  time  and  labour  would  also  be 
of  great  importance  as  affi^cting  the  cost  of  any  system  of  public  cleans- 
ing by  the  agency  of  water.  In  consequence  of  the  gradual  opening 
awl  closing  of  the  valve  there  is  much  less  danger  of  bursting  the  hose 
by  a  sudden  rush  of  water,  or  of  damage  to  the  pipes  by  its  recoil,  than 
with  any  other  apparatus  I  have  seen.  The  wear  and  tear  of  hose 
under  great  pressure  must  be  a  considerable  item  in  a?ii/  system  of 
public  cleansing.  In  extinguishing  fires  the  hose  is  frequently  burst, 
and  before  other  hose  can  be  attached,  irreparable  mischief  is  done  by 
the  raging  element. 
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This,  therefore,  is  a  great  advantage  possessed  by  the  apparatus  in    Mr.  Lee. 
question.  — 

A  serious  defect  in  Messrs.  Guest  and  Chrimes's  invention  is,  that  the 
water  has  to  pass  one  rii?ht  angle  at  the  fire  plug,  and  another  at  the 
insertion  of  the  arm  in  the  stand  pipe.    The  time  necessary  for  the 
discharge  of  a  given  quantity  of  water  through  a  straight  pipe  being 
1,  the  time  for  an  equal  quantity  through  a  pipe  of  the  same  leno-th 
and  diameter,  having  a  curve  of  90%  would  be  1  •  11,  and  with  a  right 
angle,  1-57.    Two  right  angles  would  therefore  increase  the  time  to 
2-464.    As  the  quantities  of  water  discharged  in  equal  times  by  the 
same  orifice,  with  the  same  length  and  form  of  pipes,  under  different 
pressures,  are  nearly  as  the  square  roots  of  the  corresponding  pressures  • 
so,  the  times  during  which  equal  quantities  of  Avater  are^discharn-ed' 
under  the  same  circumstances,  are  nearly  in  the  inverse  ratio  of°the 
square  roots  of  the  corresponding  pressures.    Consequently,  with  the 
same  discharge,  from  the  same  orifice  under  the  same  vertical  head 
and  with  a  pipe  of  equal  length  and  form,  a  given  increase  of  time 
will  indicate  the  amount  of  retardation  due  to  any  flexures,  curves  or 
angles  of  the  pipe.    And,  the  retardation  caused  by  any  such  flexures 
curves  or  angles  in  the  pipe,  will  be  equivalent  to  a  certain  diminution 
oj  the  vertical  pressure,  easily  ascertained.    In  the  experiment  in  ques- 
tion, the  jet  from  a  li  inch  discharge  pipe  with  350  feet  pressure  rose 
only  to  about  60  feet  vertical  height,  in  consequence  of  the  two  right 
angles  m  the  apparatus.  ° 

The  time  for  a  straight  pipe,  being,  as  already  stated,  1,  two  curved 
junctions  would  have  only  increased  it  to  1-23,  while  the  right  an-le 
prolonged  it  to  2-464.  The  form  of  the  pipe  therefore  becomes  mo  t 
important  in  any  system  of  street-cleansing,  not  only  as  to  the  direct 
economy  of  time  and  labour,  but  also  in  reference  to  the  power  of  the 
water  in  effectually  removing  the  refuse.  I'    cx  ui  me 

The  form  of  the  pipe  is  no  less  important  when  applied  to  the  ex- 
ngmshing  of  fires,  because  with  curved  junctions,  not  only  wSl  the 
%  .""'f^'^^'-n?'  height,  under  the  same  pressurJ,  but  the 
hose  and  stand-pipe  will  be  available  without  fire  engines,  under  about 
half  the- vertical  pressure  necessary  with  right  angles  •  and 
east  consideration  is,  that  wi^  L  equafpUst  'n  a^^^^^^ 
he  quantity  of  water  would  be  impelled  \o  the  same  height  n  a  Sn 
time.    I  suggested  to  Messrs.  Guest  and  Chrimes  the  substitution  of 
curved  junctions,  and  pointed  out  these  advantages,  and  ari  dad  to 
hear  they  are  about  to  adopt  my  recommendation.  ^ 

Fig.  1. 
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Mr.  Lee, 

~  Sketch  No.  1  shewa  the  manntcr  in  which  the  experiment  was  per- 

formed, which  was  clumsy  enough,  but  the  best  that  could  be  adopted 
iitnder  the  circumstances.  The  hose  was  stretched  from  the  stand-pipe 
up  the  street,  and  the  foreman  having  placed  the  end  of  the  hose  upon 
his  shoulder  with  the  discharge  pipe  pointing  to  the  pavement,  at  a 
tlistance  of  about  nine  feet  before  him,  the  plug  was  opeiied,  and  he 
commenced  walking  dowii  the  street,  moving  the  jet  slightly  from  side 
to  side.  The  weight  and  rush  of  th«  water  through  the  hose  was  how- 
ever too  much  for  one  man,  and  he  was  therefore  assisted  by  a  second, 
taking  up  the  hose  in  a  siimilar  manner,  and  walking  at  a  distance  of  two 
or  three  yards  behind  him.  The  work  was  laborious,  but  I  have  no  doubt 
thnit  with  tlie  substitution  of  curved  junctions  to  the  stand  pipe,  giving 
a  greater  force  to  the  water,  and  the  adoption  of  some  contrivance 
similar  tjo  what  I  have  figured  in  the  sketch  No.  2,  the  work  would  be 
done  a«  effectually,  even  in  less  time,  and  with  perhaps  half  the  expen- 
diture of  physical  strength. 

Fig.  % 


The  sketch  shews  a  series  of  saddles,  to  be  attached  to  the  hose  at 
Tegular  distances,  and  moving  on  small  wheels,  so  as  to  taTce  off  a 
great  portion  of  the  friction  which  has  to  be  overcome  In  dragging  the 
full  hose  along  the  pavement.  The  sketch  will  I  think:  explain  itself 
without  further  remarks,  and  if  it  is  not  the  best  thing  that  can  be,  may 
lead  to  something  better  from  a  wiser  head.  This  sketch  also  shows 
the  curved  junctions  for  the  fire  plug  and  stand-pipe. 

Plan  and  sections  of  saddles. 


The"  third  sketch  shows  a  light  carriage  which  would  enable  a  man 
to  run  at  great  speed  with  the  hose  and  all  the  necessary  apparatus  lor 

extinguishing  fires. 

n  °  —  3. 


Fig. 


It  is  little  more  than  a  wooden  drum  from  18  to  24  mches  in  d,a- 
n,eter  which  can  be  made  ei.her  U>  revolve  with  the  wheels  or  to 
J^riain  stationary,  it  would  be  foriher  m  unfoldmg  and  folding 

the  hose  without  loss  of  time. 
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Ttiere  would  be  a  peg:  or  button  "npoTi  the  drdm,  to  which  a  loop  Mr.  u». 
at  the  end  of  the  hose  nearest  the  sland-pipe  would  be  attached,  and 
the  mnvemetit  of  the  carriage,  however  rapid,  along  the  line  of  the  hose, 
wonld  wind  it  upon  the  driim.  The  driinni  would  now  be  thrown  out 
of  gear  with  the  wheels,  and  the  carriage  and  apparatus  removed  to 
another  place.  On  reaching  its  destination,  it  will  be  evident  that  if 
the  drum  be  again  put  into  gear  with  the  wheels,  and  the  carriage  drawn 
in  a  contrary  direction  to  the  former,  the  hose  will  be  unwound  and 
ready  to  be  attached  to  the  stand-pipe  without  delay.  . 

We  now  come  to  consider  the  quantity  of  water  nepessary  for  public 
cleansing  with  the  hose  and  jet.  The  line  of  pipes  leading  to  Church- 
street,  used  for  the  experiment,  is  12  inches  in  diameter,  with  an  area 
of  11 3* 091  square  inches  when  it  leaves  the'  reservoir.  It  is  after- 
wards reduced  to  9.  inches, -area  6S*6l7.  Th«  hose  i&  3  inches,  area 
12'5&6;  and  the  discharge  pipe  If  inches,  area  1*2271.  There  are 
branches  from  the  main  in  its  course,  and  also  curves  and  flexures  both 
vertical  and  horizontal,  the  sines  of  all  which  have  to  be  aa;ouiited  for> 
as  reducing  the  velocity  of  the  stream.  These  circumstances  added  to 
the  loss  caused  by  the  right  angles  in  the  fire-plug  and  stand-pipe, 
already  alluded  to,  very  much  impede  the  diischarge.  The  quantity  of 
water  actually  used  during  the  five  minutes  was  27  "19  cubic  feet,  or 
about  170  gallons.  I  am  disposed  to  add  half  as  much  more  for  waste 
in  emptying  the  hose,  &c.,  making  255  gallons  for  the  150  yards  of 
street,  this  is  equal  to  2992  gallons  per  mile. 

I  have  stated  that  the  jet  was  in  operation  for  five  minutes  in  cleans- 
ing this  street.  In  order  to  make  a  safe  estimate  I  allow  five  minutes 
more  for  unfoldiag  and  fixing  the  apparatus  ;  five  minutes  for  unfixing, 
&c.,  and  five  minutes  for  removing  to  the  next  plug,  or  point  of  opera- 
tion, making  altogether  20  minutes  for  150  yards  in  length.  Equal  to 
rather  more  than  24  miles  in  length  per  day  of  10  working  hours. 
With  improvement  in  the  hose  and  means  of  transit,  such  as  I  have 
suggested,  two  men  would  be  sufficient  for  one  set  of  stand-pipe,  hose 
and  jet,  and  would  probably  execute  a  greater  length  of  work, 

I  will  now  endeavour  to  apply  the  data  obtained  to  the  cleansing  of 
a  town  like  Sheffield.  No  one  will  doubt  if  two  men  can  with  ease 
cleanse  2^  miles  of  road  per  day,  including  the  currying  away  of  the 
refuse,  that  this  is  the  most  economical  mode  of  street-cleansing  that 
can  be  adopted,  even  if  we  leave  out  of  consideration,  entirely,  the  fact 
that  the  work  is  done  more  perfectly  by  the  agency  of  water  than  by 
any  other  means.  All  public  highways,  therefore,  in  all  large  towns, 
ought  to  be  cleansed  with  the  hose  and  jet  as  a  matter  of  economy, 
exclusive  of  sanitary  considerations.  Unfortunately  it  will  be  long 
before  this  is  practicable  in  Sheffield.  The  roads  outside  the  dense 
population  are  numerous,  and  without  either  pipes  to  convey  the  water, 
or  sewers  to  remove  the  refuse.  I  have  been  compelled,  therefore,  to 
consider  the  question  as  a  sanitary  regulation  onlv,  and  to  confine  my 
estimate  to  the  densely  populated  part  of  the  borough.  The  following 
table  shows  the  comparative  extent  to  which  this  method  of  public 
Cleansing  could  be  readily  applied  in  the  six  townships  which  constitute 
the  borough  of  Sheffield 
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.  TOWNSHIP. 

Total  lengtli 
of  Public 
Carriage  Ways. 

Length 
to  be 

cleansed 
with  water 
three  times 
per  week. 

Length 
to  be 

cleansed 
with  water 

twice 
per  week. 

Length 

to  be 
cleansed 
with  water 

once 
per  week. 

Sheffield  

Miles. 

Miles. 
6 

Miles. 
10 

Miles. 
9 

Ecclesall  Bierlow  ,    .  . 

2 

6 

4 

Brightside  Bierlow  .     .  . 

20 

I 

1* 

1* 

Nether  Hallam  .... 

Suppose  10 

1 

I 

1 

Attercliff-cum-Danmll.  . 

>  >  3* 

.  •  • 

^ 

•  • 

h 

Upper  Hallam  .... 

12 

«  • 

Total  in  the  Borough  . 

1031 

10 

21 

16 

ToUl 
lengtli  of  ' 

Public 
Highways 

to  l)e 
cleansed 
with  water. 


Miles. 

25 

1-2 

4  . 

3 

3 


Thus,  it  appears,  that  47  miles,  or  nearly  half  of  the  public  highways 
in  the  whole  borough  might,  without  difficulty,  be  effectually  cleansed 
in  this  manner.  Ten  miles  three  times  a  week,  equal  30  miles;  21 
miles  twice  per  week,  equal  42  miles;  and  16  miles  once  per  week; 
making  a  total  of  88  miles  per  week  ;  or  4576  miles  per  annum.  This 
at  3000  gallons  of  water  per  mile  would  require  13,728,000  gallons  of 
water  per  annum.  At  one  penny  per  thousand  gallons,  the  price  at 
which  I  have  shown  in  the  Report  on  the  sanitary  condition  of  Sheffield, 
an  abundant  supply  of  water  could  be  obtained,  the  quantity  necessary 
for  the  purpose  would  cost  57Z.  4*.  per  annum. 

At  Q^d.  per  thousand  gallons,  the  price  obtained  by  the  Water-works 
Company,  the  same  quantity  would  amount  to  37U.  \Qs.  per  annum. 

I  now  proceed  to  the  cost  of  labour : — 4576  miles  per  annum  is  equal 
to  14|  miles  for  each  working  day,  or  to  six  sets  of  two  men  cleansing 
2^  miles  per  day  each  set.  To  these  must  be  added  three  horses  and 
carts,  and  three  carters,  for  the  removal  of  such  debris  as  cannot  be 
■washed  away,  and  for  such  parts  of  the  town  as  cannot  be  cleansed  by 
this  system,  making  a  total  of  15  men.  Their  wages  I  would  fix  at 
50/.  per  annum  each.  Taking  into  account,  in  addition,  the  cost  and 
repair  of  hose,  horses  and  carts,  &c.,  the  estimate  given  at  page  110  of 
the  report  already  alluded  to  is  correct.    It  is  as  follows  : — ■ 

£.  s.  d. 

Annual  interest  upon  the  first  cost  of  hose  and  pipes,  tliree 

horses  and  carts,  &c   30  0  0 

Fifteen  men's  wages   750  0  0 

Three  horses' provender   150  0  0 

Wear,  tear,  and  depreciation  of  hose,  &c   250  0  0 

Management  and  incidentals,  say   120  0  0 

£1,300    0  0 


It  is  there  stated  that  the  estimate  is  made  on  the  supposition  that  the 
water  supply  was  at  the  public  cost.  I  have  no  doubt  that  with  the 
use  of  canvass  hose,  the  amoimt  allowed  in  the  estimate  for  wear  and 
tear  would  more  than  cover  the  oil.  4*.  required  for  water; — but  even 
with  this  sum  added,  the  statement  in  the  report  would  not  be  affected, 
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namely,  that  this' would  he  about  an  average  of  one  shilling  per  annum 
for  each  house  in  the  borough. 

The  principal  thoroughfares  could  be  thus  made  perfectly  clean, 
three  times  every  week,  before  business  hours,  and  the  minor  streets 
and  lanes  twice,  or  once  per  week,  at  later  hours  in  the  day ;  by  the 
agency  of  an  abimdant  supply  of  water,  at  less  than  half  the  sum 
necessary  for  the  cartage  alone,  of  an  equal  quantity  of '  refuse  in  a 
solid  or  semi-fluid  condition. 

I  have  only  to  add  that  I  have  tried  Merry  weather's  Patent  Spread- 
ing Apparatus,  with  which  you  are  probably  acquainted,  andthat,  I 
think  it  an  admirable  contrivance  for  washing  the  fronts  of  buildings, 
and  watering  streets  with  the  hose  and  jet,  wherever  a  constant  supply 
of  water  has  been  obtained. 

I  am,  &c., 

,  .  William  Lee. 

hdxom.  Lhadwick,  Esq., 

Gwydyr  House,  Whitehall. 


Mr.  Lee. 


Letter  from  Mr.  Thomas  Spencer. 

Liverpool,  August  2,  1850. 
T  HAVE  just  seen  a  Report  of  Mr.  Wicksteed's  to  the  Corpora-  Mr.  .Spenc-er. 
tion  of  Leicester  on  the  supply  of  water  to  that  borough.    It  contains  a  — 
paper  by  Professors  Aikin  and  Taylor,  of  Guv's  Hospital,  which  is 
divided  into  "  Remarks  on  the  Purity  of  Water,"  and  "  On  Dr.  Clarke'^ 
Soap  Test."    T  have  so  recently  had  the  honour  of  laying  a  paper 
before  your  Board  on  one  of  those  subjects,  and  in  which  I  arrive  at 
conclusions  so  very  different  from  these  gentlemen,  that  I  trust  to  be 
allowed  to  make  a  few  observations  on  their  paper.    At  the  same  time 
1  beg  to  assure  you.  Sir,  that  it  is  with  great  reluctance  I  thus  venture 
to  dissent  m  opinion  with  gentlemen  of  their  professional  standino-. 

Although  my  paper  relates  more  particularly  to  the  action  of  lead 
on  various  qualities  of  water,  yet  the  general  views  of  these  chemists 
are— on  this  subject— so  much  at  variance  with  my  own,  that  I  offer 
less  apology  for  the  remarks  I  shall  make  on  other  parts  of  their  paper. 
More  especial  y  as  it  seems  to  be  altogether  grounded  upon  a  p  ssage 
He  ''"^T  ^^^Ser's  made  to  the  General  filard  of 

fent  l  n  °"        ^t^'-s^PPly^f  Leicester.    In  his  report  this 

terms     "Tr""'""'!^'  P"''"  ^"^^  f«ll"wing 

Sal7p  nni'  T^  J         \^  P"''"  ^"^^  ^'l^olesomc-i.  e.,  free  from 
vegetable,  animal  and  mineral  matter,  and  at  the  same  time  not  flat 
b«  well  aerated.''    To  practical  men,  engineers,  and  others,  wl  do 

Profpti.    f  1.   '  °»gf>t>       doubtless  would  be,  clear  enough 

pred  o  ^  ^'  appears,  to  discover  its 

Mr  TCe?  .'"^  ""''rT'y  '-plied  rlcommeiX  ion 

^hicrthev  tdUi  ^  ''^^'"^^1  ^'-^^er,  or  that 

glass  vessels.''            ^  " collected  in  clean 

Now,  I  must  say  that  this  is  altogether  a  gnUuitous  conversion  of 
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Mr,  Spencer,  the  passage,  and  wWch  seems  to  have  been  made  by  these  gentlemen  for 
the  purpose  only,  of  recording  their  own  opinions  as  to  the  superior 
wholesomeness  of  hard  in  contradistinction  to  pure  soft  water.  As  a 
proof  of  which  they  continue  to  say  that  '*  distilled,  or  rain  water, 
collected  in  the  manner  described  "  (described  by  themselves,  not  by 
Mr.  Ranger),  "  although  absolutely  pure,  would  not  be  proper  for  a 
diet  water."  To  which  they  add,  that  "  this  fact  is  well  known  to  all 
professional  men,"  (page  82.).  But  a  little  further  on  they  assure 
us,  that  water  of  this  abstract  degree  of  purity  "does  not  exist  on  the 
surface  of  the  globe,  and  that  to  seek  for  it  would  be  needless  waste 
of  time,"  Now  as  the  last  sentence  quoted  contains  a  fact,  which, 
in  its  strict  sense,  all  will  be  ready  enough  to  admit — Mr.  Ranger 
amongst  others — were  it  not  with  the  object  of  overturning  it,  upon 
what  other  principle  do  they  set  it  up ;  this  being  a  standard  of 
purity,  which,  on  their  own  showing,  nowhere  exists  in  nature,  and 
which,  it  is  therefore  clear,  could  not  have  been  intended  by  Mr. 
Ranger  ?  Were  the  question  to  be  discussed  at  all,  it  surely  would 
have  been  fairer  to  have  taken  a  water  of  such  purity  and  softness 
as  came  within  the  range  of  ordinary  circumstances  to  obtain. 

I  must  confess  that  were  I  called  on  by  a  board  of  chemists  to  point 
out  a  natural  site  whence  water  might  be  obtained  of  suflBclent  purity 
for  the  more  refined  laboratory  purposes,  I  should  concur  with  Messrs. 
Aikin  and  Taylor  that  we  could  hardly  expect  to  find  such  a  natural 
supply;  but  on  the  other  hand,  had  I  to  report  to  a  General  Board  with 
respect  to  a  supply  of  pure  water  for  a  town,  and  which  should  be 
"free  from  animal,  vegetable,  and  mineral  matter,"  and  which  should 
also  be  "well  aerated,"  I  should  be  at  no  loss  to  point  out  several 
places  in  England,  where  ample  supplies  of  water,  fulfilling  these  con- 
ditions, might  be  obtained.  Be  it  observed,  however,  that  as  a  chemist, 
I  should  expect  to  find  in  all  of  them  a  few  grains,  more  or  less,  of 
mineral  substance,  with,  perhaps,  previous  to  filtration,  a  trace  of 
vegetable  matter.  Still  I  should  consider  such  water  as  being  prac- 
tically purey  and  as  such,  would  not  hesitate  so  to  report.  The  water 
of  the  upper  part  of  Bala  lake,  I  have  found  to  contain  little  more  than 
one  grain  of  solid  matter  to  the  gallon,  nor  can  it  be  said  that  it  is  not 
well  aerated,  or  that  it  is  flat,  yet  it  is  difficult  to  discover  in  it,  more  than 
a  fractional  trace  of  carbonates  of  any  kind.  The  waters  of  the  Mill- 
stone grit  districts  of  Lancashire  are,  in  this  sense  also,  pure  waters, 
and  are  unquestionably  well  aerated,  yet  some  of  them  contain  little 
more  than  a  grain  of  carbonate  of  lime  to  the  gallon.  I  might  multiply 
such  instances ;  but  these  are  surely  sufficient  to  show  that  pure  and^well 
aerated  water  may  be  obtained  without  travelling  very  far  over  "  the 
surface  of  the  globe." 

As  to  the  universal  opinion  which  we  are  told  prevails  amongst 
medical  men  as  to  the  unwholesomeness  of  pure  water,  perhaps  I  niay 
not  be  expected  to  say  much.  My  personal  experience,  however,  would 
go  far  to  contradict  it.  Nor  need  I  say  to  you.  Sir,  that  it  is  the 
acknowledged  opinion  of  a  large  part  of  that  profession,  that  water 
is  wholesome  as  a  dietary  water,  in  proportion  to  its  purity.  Where 
I  have  found  opinions  to  prevail  of  an  opposite  character,  they  have 
been,  not  unfrequently,  coupled  with  vague  notions,  that  the  lime  con- 
tained in  hard  water  was  necessary  for  the  structural  renovation  of  the 
animal  system. 
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Where  it  is  so  positively  affirmed  that  pure  water  is  an  improper  die-  Mr.  Spencer, 
tary  water,  surely  an  opinion  so  paradoxical  ought  to  have  been  accom- 
panied  with  more  definite  reasons,  either  medical  or  chemical.  On  a 
subject  of  such  importance,  we  ought  to  claim  not  to  be  left  in  the  dark  ; 
we  are  surely  warranted  in  requiring  this  much,  upon  recollecting  that 
so  large  a  proportion  of  the  inhabitants  of  the  globe  are  somehow  enabled 
to  subsist  on  comparatively  pure  water,  and  which  is  derived  not  re- 
motely from  rain.  Neither  have  I  heard  that  any  of  the  prevailing 
diseases  of  those  countries  are  attributable  to  the  freedom  of  the  water 
from  mineral  impurity.  On  the  other  hand,  I  know  it  to  be  a  fact, 
that  the  mineral  impurities  subsisting  in  the  well  or  spring  water, 
which  we  are  at  present  compelled  to  use,  does  act  medicinally  on  persons 
habituated  to  a  purer  water.  They  do  not  consider  rain  water  collected 
on  a  roof  as  either  flat  or  vapid ;  but  when  cool  prefer  it  to  common 
spring  water.  Instances  of  this  description  are  so  numerous,  that  it 
becomes  specially  incumbent  on  those  who  hold  pure  water  to  be  so 
unhealthy,  to  instruct  us  not  only  why  it  is  so,  but  also  to  point  out  the 
peculiar  conditions  which  enable  us  to  take  it  so  largely  into  the  system 
with  impunity.  One  cannot  avoid  remembering,  that  the  Malvern  waters 
are  most  grateful  to  the  palate,  while  they  are  the  healthiest  and  purest, 
perhaps  in  England  ;  their  specific  gravity  being  1  '002  or  near  absolute 
purity.   The  Matlock  waters  are  little  less  pure,  and  equally  healthy. 

I  am  much  at  a  loss  to  conjecture  from  what  source  Messrs.  Aikin 
and  Taylor  have  derived  their  ideas  of  the  process  by  which  potable 
spring  waters  become  aerated  in  nature ;  these  are  of  course  entii'ely 
apart  from  calcareous  waters  so-called,  which  being  unfit  for  use,  are 
beside  the  question.  Their  explanation  is  to  the  following  effect : — 
"  Water,"  say  they,  *'  which  is  entirely  free  from  animal,  vegetable,  or 
mineral  matter — i.e.,  distilled  water,  must  necessarily  be  flat,  and  cannot 
well  be  aerated.  The  carbonate  of  lime  constituting  the  greater  part  of 
the  mineral  matter  in  wholesome  spring  water,  acts  as  a  basis  for  fixing 
carbonic  acid,  and  it  therefore  serves  to  aerate  the  water,  and  deprive  it 
of  that  flatness  which  it  would  otherwise  possess."  I  am  much  inclined 
to  think  that  when  framing  this  explanation,  they  had  artifidially  aerated 
water  only  in  view.  I  am  unable  to  account  for  it  on  any  other  suppo- 
sition, because,  from  this  it  would  appear  evident,  that  they  intend  a 
well  aerated  water,  to  mean,  water  impregnated  with  i^arbonic  acid  only. 
Although  the  term  may  have  a  certain  degree  of  correctness,  when 
applied  to  the  refreshing  draughts  sold  in  the  soda  water  shops  of  the 
Metropolis,  yet  it  is  obviously  not  the  intention  of  the  term  in  reference 
to  the  water  supply  of  a  town.  Well  aerated  water,  means  literally,  water 
which  shall  contain  a  due  proportion  of  pure  atmospheric  air.  The 
water  of  a  running  stream,  therefore,  is  a  well  aerated  water,  so  also  is 
fresh  fallen  rain ;  but  in  neither  case  are  they  well  aerated,  because  of 
carbonic  acid,  but  they  are  so  only,  in  virtue  of  the  air,  which  they  con- 
tain, constituted  as  we  find  it  in  the  atmosphere.  It  is  also  important  to 
bear  in  mind  that,  the  purer  water  is,  the  greater  its  capacity  to  contain 
air;  or  in  other  words,  to  become  well  aerated,  in  the  true  sense.  Sup- 
pose, however,  it  were  considered  necessary  to  health,  to  have  water 
whde  in  its  natural  state,  well  aerated  with  carbonic  acid,  instead  of  the 
^sual  proportion  of  pure  air  as  found  in  the  atmosphere,  it  is  exceed- 
ingly difficult  to  comprehend  how  the  acid  is  to  be  furnished  by  the 
process  pointed  out.     It  is  true,  tiiese  gentlemen  inform  us,  that 
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•  Spcneer.  wholesome  water  ought  to  contain  carbonate  of  lime,  because  this  (sub- 
stance "  acts  as  a  basis  for  iixino-  carbonic  acid,  and  therefore  serves  to 
aerate  the  water."  But  how  carbonic  acid  can  aerate  water,  i.  e., 
impregjnate  it  with  carbonic  acid,  while  the  same  acid  is  fixed  in  the 
carbonate  of  lime,  it  is  left  for  us  to  discover !  We  are  also  left  in  the 
dark  as  to  the  means  or  when  it  becomes  liberated.  Strictly  speaking-, 
carbonate  of  lime,  as  such,  is  never  found  as  a  chemical  constituent  of 
water.  I  am  aware,  however,  that  in  what  these  gentlemen  term  "  whole- 
some sprino-water,"  super-carbonate  of  lime  is  often  found  to  a  large 
extent,  and  without  doubt,  they  meant  this  substance,  while  omitting,  as 
is  not  unusual,  the  technical  prefix,  it  being  well  known  that  where  fr^e 
carbonic  acid  exists,  carbonate  of  lime  cannot  remain  even  in  mechanical 
suspension.  Still  the  difficulty  is  not  lessened,  for  should  the  super- 
carbonate  give  up  its  acid  to  aerate  the  water,  its  own  chemical  existence 
in  the  water  is  thereby  destroyed.  It  might  as  well  be  said,  that  sulphate 
of  soda  acidulates,  as  that  the  carbonate  of  lime,  under  ordinarv  natural 
circumstances,  aerates  water. 

This  becomes  obvious  when  it  is  considered  that  the  extra  equivalent 
of  carbonic  acid,  which  renders  the  simple  carbonate  soluble,  becomes 
fixed  as  soon  as  it  contributes  to  form  the  super-carbonate.  When  set 
free,  however,  chalk  is  precipitated.  It  is  also  true  that  the  acid  may 
be  found  in  a  state  of  freedom  along  with  the  super-carbonate,  but  then 
it  is  wholly  independent  of  this  substance,  and  in  such  a  case  it  would 
be  present  in  greater  amount  were  the  lime  absent.  I  mention  these, 
not  so  much  by  way  of  correcting  mistakes  or  merely  pointing  out  error, 
as  that  would  hardly  be  in  place  here,  but  more  to  show  the  non- 
necessity for  lime  in  water,  even  should  it  be  to  serve  the  purposes 
pointed  out  by  these  gentlemen.  ^Vhen  it  is  asserted,  however,  that  it 
is  conducive  to  health  to  have  a  certain  quantity  of  lime  in  water, 
although  perhaps  not  highly  impressed  with  the  efficacy  of  the  pre- 
scription, yet  even  then  I  imagine  I  can  comprehend  the  prescriber. 
But  when  I  am  told  that  this  lime  is  required  for  the  purpose  of  aerating 
the  water  with  carbonic  acid,  to  prevent  it  from  becoming  flat,  then,  on 
chemical  grounds,  I  begin  to  suspect  some  misapprehension,  because 
the  acid  which  is  so  combined  loith  lime  can  produce  no  aerating  effect 
on  the  water. 

Where  so  much  importance  is  attached  to  carbonic  acid,  it  ought  to 
be  recollected  by  chemists  that  its  presence  in  potable  spring-water 
in  no  way  depends  on  carbonate  of  lime.  Strictly  speaking,  it  is 
very  much  the  contrary.  When  this  acid  is  found  in  water,  it  is 
derived  from  rain  in  the  first  instance  ;  the  rain  absorbing  the  acid  in  its 
descent  through  the  atmosphere.  But  were  there  no  carbonates  in 
the  stratification  on  which  rain  falls,  and  out  of  which  it  again  springs, 
water  would  in  that  case  contain  a  much  larger  proportion  of  this 
gaseous  acid.  Carbonate  of  lime,  therefore,  so  far  from  contributing  to 
preserve  this  acid,  practically  destroys  it,  by  the  formation  of  a  new 
substance,  which  would  appear  to  serve  no  other  purpose  than  to  render 
water  hard.  I  have  had  to  examine  water  which  alter  evaporation 
rendered  20  grains  of  dry  carbonate  of  lime  to  the  gallon,  j'et  at  a  summer 
temperature 'of  80°  to  85"  Falit.,  with  delicate  t«jsts,  it  gave  no  indica- 
tions of  free  carbonic  acid. 

I  now  arrive  at  the  observations  of  Messrs.  Aikin  and  Taylor,  on  llie 
action  of  lead  and  water.    The  subject  is  treated  less  in  detail  iliun 
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iiiio-ht  have  been  desired.    All  that  can  be  tangibly  dealt  with  is  con-  Mr.  Spencer, 
taiued  in  the  following  passage.     "  There  is  another  most  serious  — 
consideration  (say  they)  connected  with  the  use  of  distilled  or  rain- 
water, namely,  that  in  a  direct  ratio  to  its  pnrity,  or  freedom  from  vege- 
table, animal,  or  mineral  matter,  it  is  liable  to  become  poisoned  by 
contact  with  lead,  as  by  circnlation  throusrh  leaden  pipes,  or  by  being 
collected  in  leaden  cisterns"  (page  83".)    This  passage,  it  will  be 
observed,  is  not  in  perfect  keeping  -with  the  context,  while  it  would 
appear  to  be  mainly  grounded  upon  experiments  with  lead  and  distilled 
water  only.    It  will  be  remembered  tliat  they  have  already  said,  that 
\vater,  having  the  purity  of  distilled  water,  nowhere  "  exists  on  the  face 
of  the  globe,  and  that  to  search  for  it  would  be  a  needless  waste  of  time," 
while  we  are  now  informed  that  water  of  this  same  purity  becomes 
poisoned  with  lead.    Be  it  so.    But  the  question  being  altogether  one 
ot  practice,  is  it  consistent  or  reasonable  to  sound  a  practical  alarm 
founded  on  the  action  of  a  theoretical  water;  especially  when  these 
gentlemen  admit  that  such  water  is  nowhere  to  be  found?    Were  it 
apparent,  that  water  so  pure  was  to  be  met  with  at  every  turn,  then 
the  utility  of  the  warning  might  be  better  seen.    It  is  said,  however, 
that  the  poison  becomes  diffused  in  the  direct  ratio  of  the  purity  of  the 
water.    It  is  to  be  regretted  that  this  is  not  shown  by  experiment,  or  by 
more  detailed  examples  of  practice  with  rain  or  slightly  hard  water.  Those 
which  are  mentioned  prove  little  or  nothing,  as,  unless  an  exact  analysis 
were  given  of  the  constituents  of  the  waters  with  which  the  alleo-ed 
accidents  are  said  to  have  occurred,  we  are  in  the  dark  as  to  their  real 
nature.   To  prove  that  this  action  is  by  no  means  in  a  direct  ratio  with 
the  purity  of  the  water,  it  may  be  only  necessary  to  state,  that  two 
grains  of  sulphate  ot  lime  (gypsum),  or  half  the  quantity  of  silica,  to  the 
gallon  will  do  more  to  prevent  it  than  ten  grains  of  chloride  of  calcium 
or  sodium  (common  salt).    This  action,  therefore,  cannot  be  said  to 
take  place  m  the  ratio  of  the  purity  of  water,  unless  it  were  shown 
tlia   all  waters  had  similar  chemical  constituents,  and  which  were  held 
nlnt>  P'"P°'^«"^  '         that  the  only  difference  was  in  the 

qnantity  held  by  each     But  taking  waters  as  they  are  usually  found, 
there  ^s  a  point,  and  that  not  a  very  high  one,  in 'the  scale  of  mine  a 
impurity  when  this  action  upon  lead  altogether  ceases, 
wafer  action  which  ensues  with  very  hard 

rilowed  to     ?  the  act,on  of  air  in  open  cisterns,  I  maybe 

allowed  to  make  a  few  additional  observations  on  the  ac  ion  of  soft 

renUvt  :  r'Z'  ----P^P-'         which  r  onse- 

of  «nvV     ^  'f''"'      «'^^«--»e«us  air.    Cisterns,  I  may  add 

of  any  description  are  altogether  incompatible  with  a  constant  supdy  ' 
It  has  been  long  known  that  an  action  will  take  place  when  aL- 

^cS:rC-:^  h"  TT  ""^'^  -perf.  "n'trit^:  agi  e 

readTllr^         ^V^'  formation  of  a  hydrated  oxide  of  lead,  which 

filtration  -  afkct  vThi  .?  n  '    \  i    u  T''^''  ^^'^  '^'^^  removable  by  - 
of  easy  ^roof  •  susceptible 

i."perfect'   WherrvvT     '"^'''"T       ^''"'^  '^^'^^^  ^''^  ^^^er  has  been 

"ould  act  upon  /.eZ/C   .1,  /        u^'T'-  'f,'''P^       ^"  "P*^"  ^'^^e"'- 
pon  Huo  UaU,  that  is,  the  lughly  conuninuted  powder  of 
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Mr.  Spencer,  this  metal  would  be  found  in  the  water,  but  in  an  insoluble  state. 

Where  circumstances  render  it  necessary  to  use  water  of  this  character, 
where  stored  in  a  leaden  cistern,  or  after  having  passed  through  leaden 
pipes,  it  would  then  be  prudent  to  subject  it  to  filtration.  Although  this 
process  usually  involves  the  use  of  cumbrous  vessels,  and  but  a  tardy 
supply  withal,  yet  both  these  inconveniences  may  be  entirely  got  rid 
of.  One  of  the  best  I  have  seen  is  "  Foster's  Patent  Pressure  Filter," 
which,  although  calculated  to  deliver  the  largest  quantities,  yet  for 
domestic  use  need  not  occupy  more  space  than  the  usual  ball-cock  of  a 
cistern.  Apart  from  its  compactness,  I  have  found  that  this  filler  com- 
pletely arrests  the  passage  of  lead,  where,  for  the  purposes  of  experiment, 
I  have  caused  its  oxide  to  be  mechanically  diffused  in  water.  This 
filter  is  screwed  to  the  delivering  end  of  the  service-pipe,  and  there  it  is 
obvious  no  water  need  be  used  without  having  passed  through  it; 
moreover,  the  solid  impurities  which  necessarily  collect  on  the  filter, 
are  cleansed  from  it  by  the  most  simple  yet  effectual  means. 

With  respect  to  the  real  nature  of  the  action  of  water  upon  lead,  there 
is  ground  for  reasonable  doubt,  some  assuming  it  to  be  a  diffu- 
sion of  particles  of  highly  comminuted  lead,  which  diffuse  them- 
selves in  the  water,  while  most  suppose  it  to  be  the  formation  of  an 
oxide.  Practically,  this  makes  little  difference.  Where  experiments 
are  made  in  open  vessels,  the  formation  of  this  substance  is  observed 
to  be  much  more  rapid  than  where  the  surface  of  the  water  is  kept 
free  from  extraneous  air ;  a  fact  which  illustrates  the  difference  of 
action  in  a  closed  pipe  as  compared  with  an  open  cistern.  So  far,  then, 
with  regard  to  distilled  water,  but  the  results  are  altogether  different 
when  made  with  water  having  one  or  two  degrees  of  hardness,  a  water 
which  I  would  term,  in  reference  to  the  supply  of  a  town,  "  pure  soft 
water,"  i.  <?.,  water  as  pure  and  soft  as  it  is  practically  possible  to  be 
obtained  in  quantity  sufficient  to  supply  a  town;  such  water  would 
contain,  as  the  case  «night  be,  5,  6,  or  7  grains  of  mineral  impurity  to 
the  gallon.  Water  of  this  character  may  be  had  from  gathering- 
grounds  in  rural  but  not  highly  cultivated  districts,  where  lime  is 
not  a  predominating  ingredient  in  the  stratification.  Although  a 
healthy  pure  soft  water  may  be  thus  obtained,  well  aerated,  with  pure 
air,  yet  under  such  circumstances,  in  England  it  is  little  likely  to 
be  of  that  degree  of  purity  which  will  act  upon  lead.  The  ques- 
tion, however,  has  now  become  almost  beyond  discussion,  inasmuch  as 
it  can  be  resolved  by  the  results  of  practice.  In  consequence  of  the 
growth  of  population  and  the  consequent  contamination  of  their  home 
supplies,  many  towns  of  England  and  Scotland  have  of  late  years  been 
compelled  to  resort  to  distances  for  purer  and  better  water.  As  they 
have  increased  in  population,  with  scarcely  an  exception,  all  large 
towns,  both  ancient  and  modern,  have  been  obliged  at  one  period  or 
another  to  adopt  a  similar  course,  few  of  them  being  so  fortunately 
situated  as  to  render  an  extraneous  supply  unnecessary.  There  are  at 
present  above  20  towns  in  the  United  Kingfiom  with  upwards  of 
2,000,000  of  population,  that  are  supplied  with  nearly  pure  soft 
water,  the  source  of  supply  being,  in  most  cases,  country  districts  at 
from  4  to  10  or  20  miles  distance,  and  which  in  nearly  every  case  is 
constant ;  leaden  cisterns,  therefore,  are  not  required. 

What  then  is  the  nature  of  the  experience  we  derive  from  the  prac- 
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tice  of  these  towns  ?    I  have  made  a  good  deal  of  direct  inquiry,  and  Mr.  Spencer, 
have  had  information  from  the  best  sources,  but  have  not  heard  of  any  — 
case  even  of  suspected  indisposition  which  has  arisen  from  the  use  of 
lead  pipes  kept  always  charged  xoiih  loater.    On  the  contrary,  the  water 
itself  is  considered  by  all  who  have  recently  experienced  its  use  as  a  great 
blessing.    Such  I  consider  to  be  the  best  answer  to  this  unfounded 
alarm.    I  may  also  state  that  I  have  made  experiments  with  several 
samples  of  soft  waters  procured  from  different  localities  without  detect- 
ing this  noxious  action  with  lead.    It  is  true  that  none  of  them  were 
as  free  from  mineral  impurity  as  rain  water,  caught  on  a  clean  slated 
roof,  but  they  were  such  waters  as  may  be  found  flowing  in  the  pure 
brooks  of  country  districts  in  many  places  of  the  kingdom.     As  an 
example,  I  subjoin  the  results  of  an  analysis  of  the  water  of  a  stream  in  the 
Rivington  district  of  Lancashire,  from  whence  Liverpool  is  about  to  be 
supplied.    It  fairly  represents  the  other  brooks  in  the  same  district,  ' 
having  examined  several  of  them. 

Carbonate  of  lime 


magnesia 


1*300 
0-500 
2-150 
0-850 
0-200 
0^750 

5-750 


Chloride  of  sodium 
Silica 

Oxide  of  iron 
Organic  matter 

Grains  of  solid  contents  per  gallon 
The  hardness  is  equal  to  1^  degrees. 

This  water  has  no  action  on  lead,  although  it  is  very  pure  and  very 
soft.  Thus  we  see  that  a  trifling  quantity  of  mineral  matter  altogether- 
prevents  this  action  upon  lead.  [  have  made  several  experiments  with 
other  waters  of  different  degrees  of  purity,  with  the  view  of  determining 
the  minimum  quantity  of  matter  in  chemical  solution  which  would 
altogether  prevent  this  action.  With  this  view  I  subjected  the  two 
lollowmg  waters  to  analysis,  the  results  of  which  I  subjoin. 

Surface  Water  from  Red  Sandstone. 

,  ^ ,  Grains. 

Carbonate  of  lime 

Chloride  of  sodium 

Sulphate  o(  soda 

Silica 

Loss  and  organic  matter 
Grains  in  each  gallon 
Hardness  of  this  water,  2-4  degrees. 

Waterfront  a  Brook  near  Bangor^  Wales. 
Sulphate  of  lime .       .       .  .1-40 
Sulphate  of  magnesia 
Chloride  of  sodium 
Silica 

Organic  matter,  loss 

Grains  in  each  gallon 

Hardness,  1-90. 


2-10 
1-06 
0-80 

0-  20 

1-  03 

6-09 


0-  30 

1-  40 
0-20 
0-90 

4-20 
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.  Spencer.  \  should  take  it  for  granted  that  few  would  hesitate  to  call  these  pure, 
and  soft  waters,  "  free  from  animal,  vegetable,  and  mineral  matter." 
Yet  I  have  kept  slips  of  lead  in  them  for  several  weeks  without  suffer- 
ing any  change  ;  nor  afterwards  could  lead  be  detected  in  the  water; 
the  vessel  in  which  the  experiment  was  made,  being  kept  close.  Purer 
water  than  this,  I  think,  we  are  little  likely  to  obtain  on  a  large  scale. 
But  even  where  it  contains  seven  or  eight  grains  of  mineral  matter, 
with  from  three  to  four  degrees  of  hardness,  still  it  is  to  be  considered 
comparatively  a  pure  soft  water,  and  most  desirable  for  the  supply  of  a 
town.  But  let  us  suppose,  on  the  other  hand,  that  it  were  possible  to 
obtain  water  so  absolutely  pure  and  well  aerated  as  to  render  its  action 
on  lead  inevitable,  surely  it  does  not  follow,  that  we  are  absolutely  bound 
to  the  use  of  leaden  pipes  for  its  distribution,  the  more  especially  when  so 
many  substituting  substances  are  so  frequently  presenting  themselves. 
This  great  boon  to  health  and  domestic  comfort,  to  say  nothing  of 
its  acknowledged  economy,  must  not  be  so  readily  given  up.  Our 
greatest  cause  of  regret  ought  to  be,  that  water  of  such  absolute  purity  is 
not  likely  to  be  obtained. 

I  shall  now  ofter  a  few  words  on  Messrs.  Aikin  and  Taylor's  remarks 
on  Dr.  Clarke's  soap  test.  Those  who  use  this  test  do  so  only  for  the 
purpose  of  readily  determining  the  quantity  of  soap  a  water  decompo.ses 
before  becoming  detergent,  and  not  as  these  gentlemen  state,  to  determine 
its  purity.  Neither  have  I  heard  that  a  low  degree  in  the  scale  of  hard- 
ness necessarily  implies  a  high  degree  of  purity.  I  can  imagine  it,  how- 
ever, to  be  so  considered  by  persons  not  professionally  acquainted  with 
the  subject,  but  never  by  a  chemist ;  yet  we  have  it  set  down  in  page  87 
of  the  Report,  that  "  Dr.  Clarke's  soap  test  assumes  to  determine  the 
purity  of  water  by  the  qualities  of  '  hardness  and  softness.^  "  Now,  I 
think  I  am  warranted  in  saying,  that  Messrs.  Aikin  and  Taylor  assume 
more  than  ever  Dr.  Clarke  thought  of  claiming  for  the  test,  or  any 
chemist  who  makes  use  of  it.  Yet  these  gentlemen  in  their  remarks  on 
the  subject,  speak  as  if  all  who  use  it,  contend  that  softness  according  to 
the  scale,  and  chemical  purity,  are  convertible  terms.  It  is  quite  true, 
however,  that  with  the  ordinary  spring  water  of  the  south  of  England, 
where  the  hardness  is  chiefly  derived  from  contact  with  calcareous 
earths,  this  test  will  roughly  determine  the  mineral  impurities  they  con- 
tain. I  believe,  that  in  the  first  instance,  too  high  a  degree  of  accuracy 
was  claimed  for  the  scale  devised  by  Dr.  Clarke,  but  this  was  in  relation 
to  the  assumed  fact,  that  each  degree  of  hardness  indicated  the  existence 
of  a  grain  of  carbonate  of  lime  or  chloride  of  calcium  in  the  water.  This 
however,  was  held  to  be  so  irrespective  of  its  purity  or  freedom  from. 
the  other  substances  which  it  might  contain.  But  the  fault  which  may 
be  fairly  urged  is,  that  the  scale  was  made  with  reference  to  salts  of 
lime  onlv,and  that  waters  deriving  their  hardness  from  magnesian  salts, 
were  not  taken  into  account.  This  is  an  important  distinction  no  doubt, 
not  only  from  the  diflference  of  the  chemical  equivalent  of  magnesia, 
as  compared  with  lime,  but  from  the  different  action  its  salts  have  upon 
soap.  It  followed,  therefore,  that  in  districts  where  the  hardness  of 
water  is  derived  nearly  as  much  from  magnesia  as  it  is  from  lime, 
that  in  those  instances  only,  the  scale  is  somewhat  inaccurate.  For 
For  mv  own  part,  I  have  aheady  had  occasion  to  point  this  out  in  a 
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report  made  to  the  Liverpool  Corporation,  of  the  hardness  of  the  waters  Mr.  Spencer 
of  the  surrounding  district.  But  where  hardness  is  derived  from  cal  ^  ' 
careous  matters,  the  test  itself,  and  the  scale  give  results  very  close  to 
the  truth.  Even  Messrs.  Aikin  and  Taylor  themselves  admit,  that  the 
iormer  method  of  soap  testing-  which  took  distilled  water  for  unity  wa^  a 
good  and  ready  method  of  arriving  at  comparative  results,  in  which 
opinion  I  entirely  concur. 

I  have  the  honour  to  be,  Sir, 

Your  very  obedient  Servant, 

Henry  Austin,  Esq. ^  Tt,^,,  o 

n    .1     TT    ^   TI71  •  T  InoMAS  Spencer. 

htcydyr  House,  Whitehall. 


James  Temple,  Esq.,  Writer  to  the  Signet  of  Paisley,  examined. 
What  experience  has  there  been  at  Paisley  of  the  mibbV  „co  f 
waters  of  difTerent  qualities P-Previously  to  'hrintrodSn  o  the 
Bcw  water  supply   the  water  used  was  spring  water  and    ver  vate; 
The  spring  water  tat  en  from  the  wells  was  very  hard  •  the  river  w«  tl? 
comparatively  soft,  and  was  used  for  washin/  A  .utoIv  w^X  f 
obtained  of  yet  softer  water  from  gathering  gro^l^^thrt^lf^ 
sent  m  use  being  of  only  two  degr'ees  of  hJrLe  s    ^A^^  A  t  of  Parlk' 
raent  was  obtamed  to  supply  the  town  with  river  water  as  beil  r  t 
softer  than  well  water,  but  on  ascertainino-  thar  a  Sni 
Height  be  procured,  the  townspeople  111  ^d  tLe  Act  o  xnirf  'T'' 
aval  ing  themselves  of  the  powers^  conferred  by  it     Thi^  fn^f  T 
obtan^  from  gathering  groLds,  is  now  in  us^Ja^d  is'o'/Iw^rgrr^f 

theymC  "  river  water  without  stealing  ?-Yes; 

ror?vt;tL;^^^^^^^ P^^^--^  ^«      -11  or  river  water  .^-Yes ; 

->^^i:^n7l^T^'  particularly:  for  myself,  wheni 
again  return  to  Paisley.  ^     '  ^""'^  '^""^      ''''''  ^^"^^^  I 

^s^t^Ti'r,X^^^^^        Paisley?-Yes;  hy  gravitation. 

there  is  not  a  lad^  Tpatw    hrwonS'  '"t  ""^  ""^^"^^  "  ""^^^ 
superiority.    We  find  also  f J  '"^^t  give  testimony  as  to  its 

0%  of  solp,  bu  at  of  th  wlf  ani  t'f  7  I^T  ^  ^^^^^ 

rubbing  occasioned  by  hard  wite,  ^''"^       § '^^ter 

PawK^  introduction  of  softer  and  more 

drmking  ?_There  is  certainlv  iL  i  P^P^lation,  as  respects  spirit- 
.'^PPer  classes  than  form   w  ind  nrn^'^ ^"^^  middle  and 

lower  classes.  ^'  ^""^  probably  some  improvement  in  the 

||o  you  know  what  is  the  general  mprl^.oi  • 

[3.]  S^neral  medical  impression  as  to  the  effect 
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Mr.  Temple,  of  the  chatigc  of  system  ? — They  are  unanimously  in  favour  of  the 
—  change.  They  all  agree  that  calculous  complaints  have  largely  dimi- 
nished since  the  introduction  and  use  of  the  softer  water.  As  illustra- 
tive of  the  public  appreciation  of  the  change,  I  may  mention  that  there 
is  now  a  town  subscription  in  progress  to  erect  a  monument  to  Dr. 
Kerr,  the  gentleman  who  introduced  the  present  soft  water  supply.  It 
is  considered  to  be  a  great  blessing.  , 


Dr.  Shier,  examined. 
Dr. Shier.      You  are  the  agricultural  chemist  to  the  colony  of  Demerara? — Yes; 


am. 


Have  you  been  led  to  pay  special  attention  to  the  qualities  of  water 
chemically,  and  for  its  practical  and  domestic  use  ? — Yes ;  apart  from 
the  general  interest  of  the  subject,  I  was  led  to  pay  special  attention  to 
it  from  having  been  present  at  many  of  the  experiments  made  by  my 
friend  Professor  Clark,  of  Aberdeen,  in  relation  to  the  qualities  of  water. 
I  was  led  to  pay  attention  to  the  sorts  of  water  derived  from  particular 
geological  formations,  and  examined  many  waters  from  streams  and 
wells  on  the  spot. 

Since  you  have  been  at  Demerara,  have  you  had  experience  of  the 
use  of  soft  water  for  domestic  purposes  ?— Yes ;  I  have.  In  Demerara 
rain  water  is  the  sort  chiefly  used;  the  water  is  generally  gathered  from 
the  roofs  of  houses ;  these  are  cleaner  than  in  England,  on  account  of 
the  fuel  consisting  of  wood  or  of  wood  charcoal ;  hence  the  root  water  is 
obtained  in  greater  purity  :  then  the  kitchens  are  all  to  leeward,  and  the 
roofs  from  which  the  rain  water  is  obtained  are  to  the  windward,  and 
little  influenced  by  the  smoke.  Many  careful  people,  after  a  long 
drought,  let  the  first  washings  of  the  roof  run  off  by  a  waste  pipe.  The 

tanks  are  covered.  ,  i      n  o    v  i 

Have  you  yourself  drank  the  soft  rain  water  habitually  .•'—Yes ;  i 
have  •  we  all  do  there :  thus,  every  member  of  our  legislative  body, 
when  the  Court  is  in  session,  has  his  cold  water  guglet  and  tumbler 
placed  on  the  table  before  him  along  with  his  portfoho  and  writing 

WhaUs  vour  experience  or  observation  of  the  use  of  the  soft  water, 
as  compared  with  the  hard  or  chalk  waters ?-Everybody  in  the  colony 
relishes  cold  soft  water  in  preference  to  any  other  sort  of  water,  and 
when  they  go  elsewhere  they  perceive  the  difference  very  keenly.  The 
use  of  the  soft  water  renders  them  very  sensitive  to  the  qualities  of  other 
Avaters,  and  they  become  critical  in  a  high  degree  in  relation  to  them 
In  Bridgetown,  Barbadoes,  the  quality  of  the  water  which  is  drank  by 
the  people  there  without  notice  is  hard  water  from  the  coralhne  forma- 
tion, was  found  by  the  Demerara  people  to  be  so  disagreeable,  that  the 
proprietor  of  one  of  the  hotels  was  induced  to  collect  and  preserve  the 
?ain  water  for  use.    The  consequence  was,  that  almost  all  Demeranans 
vlskiiig  the  island  go  to  reside  at  that  hotel.   Excepting  a  few  instances 
X  e  they  use  soft  water,  I  have,  since  I  lelt  the  colon>,  met  with  no 
Iter  which  has  seemed  to  me  to  be  good,  excep  that  which  I  met  with 
It  New  York,  where  the  people  have  recently  obtained  a  supply  of  soft 
waVe  derived  from  the  primiy  formations,  at  the  source  ot  the  Croton 
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river.    Here,  in  London,  the  hard  water  which  is  in  use  is  disagreeable  Dr.  shier, 
to  me  to  drink,  and  more  so  to  wash  with,  at  least  that  which  we  get  at  — 
the  Tavistock  Hotel.    I  find  that  washing  with  the  hard  London  water 
and  soap  results  in  a  sort  of  anointing  with  an  insoluble  lime  soap. 

What  circumstances  do  you  consider  exercise  the  most  important  in- 
fluence in  rendering  a  drinking  water  palateable  ?— First,  temperature  ; 
and  secondly,  purity.  I  think  temperature  of  the  most  importance,' 
because  the  purest  water  drank  at  an  improper  temperature  will  be 
unpalateable. 

What  temperature  have  you  found  the  best  for  drinking  water  ?— 
In  the  tropics  I  have  found  that  the  reduction  of  about  four  degrees 
below  the  temperature  of  the  atmosphere  is  sufficient  to  render  water 
palateable,  and  we  readily  attain  this  by  putting  the  water  In  porous 
earthen  vessels  exposed  in  the  shade  to  the  action  of  the  sea-breeze. 

Will  not  low  or  palateable  temperature  disguise  the  qualities  of 
water  ?— To  an  extent.  If  you  raise  the  temperature  of  a  water  you 
will  bring  out,  or  be  able  to  perceive,  any  bad  qualities  it  may  have 
much  more  than  when  it  is  cooled ;  but  if  two  waters  of  equal  tempera- 
ture be  used,  the  one  soft  and  the  other  hard,  a  person  who  has  been 
used  to  the  soft  water  will  readily  detect  the  inferior  taste  of  hard  water 

What  has  been  your  observation  as  to  the  efi^ect  of  the  purity  of  water 
upon  health  ?-I  think  the  purity  of  the  water  has  a  very  important 
effect  on  health  ;  although  not  being  a  medical  man,  my  opinion  mav 
not  be  of  great  value.  The  only  fact  which  I  can  state  is,  that  it  is  well 
known  that  cases  of  calculus  complaints  do  not  originate  in  the  colony. 
When  cases  of  stone  or  gravel  occur  in  our  hospital's,  they  are  found  in 
patients  who  have  come  from  colonies  where  the  water  is  hard.  This 
fact  has  heen  confirmed  to  me  by  several  of  our  leading  medical  men. 
I  am  aware  that  all  medical  men  do  not  connect  the  disease  with  the 
nature  of  the  water;  but  I  merely  mention  the  fact  as  undoubted,  that 
with  us  where  we  have  soft  water  the  disease  does  not  originate  or  pre- 
vail and  that  in  the  islands  where  they  have  hard  water  it  does  prevail, 
nr  !I    ^""^    T'^^  ""f^'  you  may  have  made  on  the  use 

"iT"'  l^^ve  observed  that  horses,  mules! 

and  cattle,  decidedly  prefer  rain-water  to  all  other  water 

13id  you  ever  practise  Dr.  Clarke's  process  for  softening  water  ^—Yes 
I  happened  to  arrive  m  the  colony  during  a  periorf  of  nrotracted 

hausted  I  was  led  by  this  circumstance  to  examine  the  Artesian 
water,  of  which  there  is  a  considerable  supply  from  varLs  borinls  tn 
SloTe       f  ^^P^--  -  I  found Tprin";^^^^^^^^^ 

IZoJ    P    bicarbonate  of  iron,  and  saw  at  a  glance  that  Dr.  ClarWs 

hp  w^Z  ^""^  empowered  to  use  his  process.    Owino-  to 

the  weather  no  opportunity  occurred  for  using  it  on  the  large  seal?  for 

^^^^ 
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Dr.  Shier.  How  did  you  find  it  answer? — Admirably,  Preparations  were  made 
under  my  directions  for  the  use  of  the  process  on  a  large  scale ;  and 
the  purified  water,  which  answered  perfectly,  continued  to  be  used  so 
long  as  the  drought  lasted.  The  process  was  so  satisfactory,  and  the 
necessary  arrangements  so  simple  and  inexpensive,  that  I  am  satisfied 
that  when  a  protracted  drought  again  occurs  in  the  colony,  Clarke's 
process  Avill  be  used  for  purifying  Artesian -water  for  the  use  of  the 
poorer  classes,  who  have  no  means  of  keeping  supplies  of  rain-water. 

Then  when  the  rain  came,  the  rain  was  preferred? — Of  course  it  was. 

There  was  suflficient  discrimination  to  prefer  the  water  of  one  degree, 
or  rain-water,  to  the  water  of  four  degrees  of  hardness  ? — Certainly ; 
they  would  not  have  drunk  the  one,  whilst  they  could  get  the  other, 
even  if  the  water  of  four  degrees  had  been  of  the  same  temperature. 

Have  vou  any  information  regarding  the  action  of  Demerara  rain- 
water on  lead? — Yes.  My  attention  was  first  called  to  the  subject  by 
Dr.  Blair,  our  Colonial  Surgeon- General,  in  consequence  of  symptoms 
of  lead-poisoning  occurring  in  his  practice.  On  investigation,  I  found 
lead  in  the  suspected  water,  and  in  quantity  too  large  to  admit  of  a 
doubt  of  its  being  the  cause  of  great  and  wide-spread  mischief.  In 
one  case,  where  I  operated  on  the  water  contained  in  a  lead-cistem  in  a 
dwelling-house,  I  obtained  as  much  lead,  as  when  reduced  to  the 
metallic  state,  formed  a  globule  as  large  as  a  buck-shot.  In  all  the 
cases  examined,  the  lead  was  in  the  state  of  an  insoluble  hydrate,  se- 
parable by  a  paper,  felt,  or  sand-filter,  as  in  the  case  of  Dr.  Clarke's  case 
of  the  water  at  Lord  Aberdeen's  marine  villa,  A  case  of  colica 
pictonum  occurred  last  year  in  the  Colonial  Laboratory,  from  the  use 
of  rain-water  from  a  lead-cistern  and  lead  service-pipes.  ^  I  have  no 
doubt  that  most,  if  not  all,  the  cases  of  this  disease,— and  it  is  of  too 
frequent  occurrence  in  the  colony,— arise  from  the  action  of  the  ram- 
water  on  lead.  I  may  add,  that  the  recent  rain-water  generally  con- 
tains a  good  deal  of  free  carbonic  acid. 

When  you  were  at  Aberdeen,  did  you  hear  of  any  lead-poisonmg,  or 
injury  from  the  use  of  soft  water  there?— No,  I  do  not  remember  any, 
certainly. 
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REPORT 


ON 

THE  CESSPOOL  SYSTEM  IN  PARIS, 

By  Thomas  W.  Eammell,  Esq.,  C.E. 


The  following  account  of  the  system  adopted  in  Paris  for  the  disposal  Mr. 
of  the  refuse  matter  of  the  inhabitants  was  drawn  up  after  some  inquiries  ^'™"- 
on  the  subject  made  during  a  visit  to  that  city  in  the  months  of  Anril 
and  May  1848.  '  " 

These  inquiries  were  only  incidentally  undertaken,  at  the  request  of 
the  Metropolitan  Sanitary  Commissioners ;  and  from  circumstances  were 
necessarily  of  a  somewhat  general  character,  and  directed  chiefly  to  the 
more  prominent  features  of  the  subject ;  the  account,  therefore,  cannot 
pretend  either  to  great  minuteness  of  detail,  or  fulness  of  exposition. 
Through  letters  of  introduction,  however,  obligingly  furnished  bv  Mr" 
Chadwick,  and  the  kind  intervention  of  Mr.  J.  F.  Clark,  of  the  English 
Embassy,  access  was  obtained  to  authentic  sources  of  information  from 
which  the  writer  was  enabled  to  collect  some  important  facts.  These 
It  IS  hoped,  being  new,  or  not  generally  known  in  this  country  will 
impart  to  the  paper  a  degree  of  interest. 

It  is  the  practice  in  Paris  to  dispose  of  all  the  kitchen  and  dry 
refuse  by  depositing  it  in  the  streets  at  midnight,  whence  it  is  removed 
at  dawn  and  during  the  early  morning  hours  by  the  scavengers  In 
the  meantime,  however,  the  heaps  are  carefully  turned  ove°r  bv  the 
chiffoniers,  a  numerous  class,  to  whom  all  sorts  of  odds  and  ends  such 
as  bones  bits  of  bread,  rags,  old  pots,  broken  bottles,  &c.,  &c..  have  a 
marketable  value.  >      >  >. 

The  greater  portion  of  the  liquid  refuse,  including  water  which  has 
been  used  m  culinary  or  cleansing  processes,  is  got  rid  of  by  means 
ot  open  channels  laid  across  the  court-yards  and  the  foot  pavements  to 
the  street  gutters,  along  which  it  flows  until  it  falls  through  the  nearest 
gully  into  the  sewers,  and  ultimately  into  the  Seine.  If  produced  in  the 
eZnfri  .I  T-'  de«^AP«on  of  refuse  is  first  poured  into  an 
external  shoot  branching  out  of  the  rainwater  pipe,  with  one  of  which 
every  floor  is  usually  provided.  Iron  pipes  have  been  lately  much  intro- 
auced  m  place  of  the  open  channels  across  the  foot  pavements  •  the«!e 
are  laid  level  with  Ihe  surface,  and  are  cast  with  aroTn  It' about 

Durir  tl  V^P  ^^^^^'^y        «''a-ing  them 

During  the  busy  parts  of  the  day  there  are  constant  streams^  su^h 
fluids  running  through  most  of  the  streets  of  Paris,  the  smell  arising  from 
which  ,s  by  no  means  agreeable.    In  hot  weather  it  is  the  practice  t^ 

thoTe  ?f'S'''V°  ^"'"^  ^"'^  "^"^^  of  the  house  slops,  particularly 

it  mtS  a^^^^^^^^^^^^^  is  universally  adopLd^n  Paris  al 

^^^^^^^^^^^^^  1-  F-d  or 

theruSrunl^'LTZnl  '''T'''  "^^^  constructed  in 

^     manner,  and  cleaned  out  more  or  less  frequently,  or  utterly 
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neglected  at  the  discretion  of  their  owners.  As  the  city  increased  in 
size,  however,  and  as  the  permeations  necessarily  taking  place  into  the 
soil  accumulated  in  the  lapse  of  centuries,  the  evil  resulting  was  found 
to  be  of  grave  magnitude,  calling  for  prompt  and  vigorous  inter- 
ference on  the  part  of  the  authorities.  It  apj)ears  certain  that  prior  to 
the  year  1819,  (when  a  strict  ordonvwice  was  issued  on  the  subject,) 
the  cesspools  were  very  carelessly  constructed.  For  the  most  part  thev 
•were  far  from  water-tight,  and  very  probably  were  generally  intended 
to  be  so.  Consequently,  nearly  the  whole  of  the  fluid  matter  passed 
into  them  drained  into  the  springs  beneath  the  substratum,  or  became 
absorbed  by  the  surrounding  soil.  Not  only  this,  the  basement  walls 
of  the  houses  became  saturated  with  these  offensive  permeations,  and 
the  atmosphere,  more  particularly  in  the  interior  of  the  dwellings,  tainted 
with  their  exhalations. 

The  moveable  cesspools,  for  the  most  part,  consist  simply  of  tanks 
or  barrels,  which,  when  full,  are  removed  to  some  convenient  spot  for 
the  purpose  of  their  contents  being  discharged.  This  form  of  cesspool, 
though  not  leading  to  the  contamination  of  the  soil  naturally  induced 
by  the  fixed  or  excavated  cesspool,  may  occasion  many  offensive 
nuisances  from  carelessness  in  overfilling,  or  in  the  process  of  emptying. 

It  was  with  a  view  to  protect  the  public  health  from  the  serious 
evils  engendered  by  a  reckless  process  of  accumulation  of  faecal  matter 
that  the  ordonnance  above  referred  to  was  issued  on  the  24th  of 
September,  1819,  laying  down  stringent  regulations  both  as  to  the 
structure  of  cesspools  fixed  and  moveable,  and  their  mode  of  emptying. 
The  execution  of  this  ordonnance  is  entrusted  to  the  Prefect  of  Police. 
The  system  established  by  it  is  evidently  the  fruit  of  a  very  careful 
study  of  the  subject  in  all  its  details;  and  the  regulations  being  very 
rigidly  enforced,  the  cesspool  system  as  carried  out  in  Paris  maybe  con- 
sidered to  be  as  perfect  as  the  nature  of  the  case  will  admit  of.  A 
description  of  it,  therefore,  however  general,  at  the  present  time  when 
public  attention  is  so  earnestly  directed  to  everything  that  relates  to 
the  condition  of  our  dwellings,  may  possibly  not  be  entirely  without 
value  as  a  contribution  to  the  stock  of  knowledge  already  collected  on 
sanitary  matters. 

In  the  description  which  follows  I  propose  to  treat  the  subject  under 
three  principal  heads,  viz.  : — 

1.  The  construction  of  cesspools,  fixed  and  moveable; 

2.  The  modes  of  emptying  them  ; 

3.  The  places  of  deposit  for  the  matter  withdrawn ;  and  the 

process  of  conversion  of  the  soil  into  poudrette,  by  which 
it  is  fitted  for  uses  to  which  it  is  ultimately  applied ; 
And,  in  a  concluding  division,  I  shall  consider  the  inconveniences 
which  are  found  to  be  inseparably  connected  with  the  system  even 
under  the  most  perfect  arrangements,  and  draw  a  comparison  between 
the  expense  attaching  to  it  and  that  which  a  system  of  tubular  drainage 
would  involve. 

Construction  of  Cesspools. 
1.  Fixed  or  Excavated  Cesspools. — The  following  are  the  principal 
provisions  of  the  ordonnance  of  1819,  relating  to  the  construction  of  the 
fixed  or  excavated  cesspools ;  and  as  one  of  the  articles  ordained  that 
"  all  cesspools  existing  at  the  date  of  this  ordonnance  shall  be  altered 
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in  accordance  with  its  provisions  after  the  first  subsequent  emptyin"- 
or  if  that  be  found  impracticable,  shall  be  filled  up;"  the  formulary 
so  established,  maybe  considered  to  represent  the  actual  structure  of  all 
such  cesspools  in  Paris. 

"  The  walls,  the  arch,  and  the  bottom  of  the  cesspool,  shall  he 
entirely  constructed  zn  ' pierres  mezdieres'  (an  exceedino-ly  hard  kind  of 
stone),  set  m  mortar,  composed  of  hydraulic  lime  and  clean  river  sand 

«  The  mterior  shall  be  plastered  with  mortar,  made  of  the  sam'e 
materials. 

"  The  arches  shall  not  be  less  than  from  12  to  14  inches  (30  to  35 
centimetres)  in  thickness,  and  the  walls  not  less  than  from  18  to  20 
inches  (45  to  50  centimetres).  The  bottom  shall  be  in  the  form  of  a 
basin,  and  the  arch  semicircular,  or  not  varying  from  that  form  more 
than  one  third  of  the  radius. 

"All  the  ano-les  of  the  interior  shall  be  rounded  to  an  arc  whose 
radius  shall  not  be  less  than  10  inches  (25  centimetres).  (The  object 
ot  this  re-ulationwas  to  prevent  the  free  evolution  of  gases,  which  acute 
angles  had  been  found  to  favour.) 

"The  cesspools  shall  be  on  the  plan,  circular,  elliptical,  ot  rectano-u- 
lar,  wherever  the  localities  will  allow  the  adoption  of  either  6f  these 
forms.    Acute  angular  forms  will  not  be  permitted,  unless  the  area  of 
the  cesspool  shall  be  at  least  4  square  metres  on  each  side  of  the  anrle 
and  then  two  man-holes  shall  be  formed.  ^  ' 

(2mtreT)?nThVdear''''^'"^  "'""^  '"'^'^  ' ''''  ' 

"  The  man-hole  shall  be  placed  near  the  middle ;  it  shall  not  be  less 
than  3  feet  3  inches  long,  by  2  feet  11  inches  wide  (1  metre  bv  fi5 
centimetres)  and  its  depth  to  the  crow'n  of  the  arch  olgS  not  to  be 
more  han  4  feet  10*  inches  (1  metre  50  centimetres),  ^f  Te  depth 
exceed  th.s  the  size  of  the  opening  must  be  increased  in  propor  fon.  ^ 

In  addition  to  the  man-hole,  a  hole,  having  a  n^oveable  stone 
cover,  1  foot  7*  inches  (50  centimetres)  in  diamete?,  with  in  i  on  Hn' 
m  Its  centre,  shall  be  formed  in  that  part  of  the  arch  furthes  1121 

"The  soil-pipe  shall  always  be  placed  in  the  middle-  its  interior 

trtd  7I  inl^  ^rlV'^"^  '^^"'^^^  -"timetres)  ifl:  po  t 
ware,  and  %  inches  (20  centimetres)  if  ih  cast  irnn     A  ,r«r.f  • 

nev,  „f  ,h      1-  J  °'       "^l-imneys  of  Ihe  house,  or  the  chim- 

^  ts;Xfe:^&-  --^vro^ 

have?drc^^eo^3.^^^^^^^  -liars  must 

e^?;L^:s(2Ss^- 

formS^inX^o Is.''  ^'^^^      ^^'^       ^^^-^-<i  Pi^ars 

con^stuX't/ThVr""  ^\^"^^f^«/very  point  essential  to  the  good 
ness  or  s  waifs  and  .rT  f        receptacle;  the  thick- 

the  mean  Tf  acce"^ot  T?'"^'  "^"^       building  it; 

access  to  It,  Its  ventdation:  these  points  have  all  been' 
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Mr.  well  and  judiciously  considered  by  the  authorities ;  and  as  the  result,  a 
very  much  more  substantial  and  costly  structure  has  been  deemed 
proper  for  the  temporary  reception  of  faecal  matters  in  Paris  than  that 
in  common  use  for  the  same  purpose  in  this  country. 

A  principal  object  of  the  ordonnance  was  to  ensure  the  cesspools 
being  thenceforth  made  water-tight ;  so  that  further  pollution' of  the 
substratum  and  springs  might  be  prevented ;  and  the  provisions  for  its 
attainment  have  been  very  strictly  enforced  by  the  police.  The  present 
cesspools  are,  in  fact,  water-tight  constructions,  retaining  the  whole  of 
the  liquids  passed  into  them  until  the  same  are  withdrawn  by  artificial 
means.  The  advantage  has  its  attendant  inconveniences,  and  moreover 
has  been  dearly  paid  for ;  for  independently  of  the  cost  of  the  altera- 
tions and  the  increased  cost  of  making  the  cesspools  in  the  outset — the 
liquids  no  longer  draining  away  by  natural  permeation — the  constant 
expense  of  emptying  them  has  enormously  increased.  In  the  better 
class  of  houses,  where  water  is  more  freely  used,  whereas  the  cesspool 
was  formerly  emptied  every  eighteen  months  or  two  years,  the  opera- 
tion has  now  to  be  repeated  every  three,  four,  or  five  months.  An 
increased  water  supply  has  added  to  the  evil ;  moderate  even  now  as 
the  extent  of  this  supply  is.  Were  the  consumption  equal  to  the  de- 
mands of  the  English  water-closet  system,  the  expense  and  inconve- 
nience would  be  increased  to  an  intolerable  degree. 

The  Parisian  cabinet  is  not  of  a  very  perfect  kind.  The  apparatus  in 
common  use  consists  of  an  earthenware  basin  communicating  directly, 
or  by  a  short  branch,  with  the  main  soil  pipe  ;  the  orifice  being  closed 
by  a  pan  forming  a  very  imperfect  trap.  In  the  inferior  class  of 
houses,  the  orifice  of  the  basin  is  generally  untrapped.  Water  is  poured 
in  from  a  pitcher  in  sufficient  quantity  to  prevent  complete  obstruc- 
tion;  and  to  preserve  a  very  moderate  degree  of  cleanliness,  the  action 
of  the  liquid  being  occasionally  assisted  by  the  use  of  a  long  stick  and 
a  short  stumpy  broom,  articles  to  be  seen  in  almost  every  cabinet. 
The  expense  and  labour  of  fetching  the  water,  and  the  desire  to  avoid 
frequent  emptyings  of  the  cesspool,  prevent  its  very  copious  use. 

In  the  better  description  of  houses  there  is  usually  at  least  one 
cabinet  upon  every  Hoor,  those  of  modern  construction  having  one  to 
every  set  of  apartments.    In  houses  of  the  inferior  class,  three,  two, 
and  sometimes  one  only,  serve  the  wants  of  the  whole  of  the  inmates. 
The  section  below  exhibits  the  usual  form  of  an  excavated  cesspool : — 
The  apparatus  ABC  is  sometimes  fixed  in  the  cesspools  to  facilitate 
the  process  of  extracting  their  contents.   It  consists  of  a  pipe,  generally 
of  lead,  B,  about  4  inches  (10  centimetres)  in  diameter,  having  a  screw- 
cap,  A, — by  removing  which  the  suction  pipe  of  a  pump  may  be 
connected, — and  a  small  grated  well,  C,  of  cast  iron  to  prevent  the 
entrance  of  larger  substances  than  will  pass  freely  through  the  pipe. 
With  this  apparatus  a  cesspool  may  be  emptied  of  everything,  except- 
ing large  foreign  substances,  without  opening  the  man-hole.    A  police 
regulation,  however,  directs  that  every  time  a  cesspool  is  emptied  it 
shall  be  opened  for  the  purpose  of  ascertaining  its  state  of  repair,  and 
this  prevents  any  general  adoption  of  the  apparatus,  as  the  only  benefit 
now  derived  from  it  is  the  postponement  of  the  operation  of  opening  the 
cesspool  until  after  the  greater  part  of  its  contents  have  been  withdrawn. 
•    The  usual  capacity  of  the  cesspools  is  from  10  to  12  cubic  yards 
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(8  to  10  cubic  metres),  and  the  cost  of  one,  built  in  accordance  with 
the  ordonnance,  and  of  the  usual  size,  cannot  be  estimated  at  less  than 
18/.  sterling. 

A  house  in  Paris  has  frequently  two  or  three  of  these  cesspools 
alFording  together  space  for  the  temporary  reception  of  from  20  to  30* 
cubic  yards  of  night-soil,  placed,  to  suit  local  convenience,  in  diflFerent 
parts  of  the  premises,  sometimes  under  the  house  itself,  sometimes 
under  the  courtyard.  It  must  be  borne  in  mind,  however  that  the 
houses  m  Paris  are  generally  much  larger  than  in  London,  so  much  «o 
mdeed,  that  a  smgle  floor  there  may,  without  much  exao-o-eration  be 
compared  to  an  entire  house  here,  it  generally  presentfng  suffici-nt 
accommodation  for  at  least  one  family.  Houses  containing  accommoda- 
tion for  60  or  70  individuals  are  by  no  means  rare,  and  the  avera<^e 
number  of  mmates  is  very  high  ;  exceeding  24,  according  to  the  censSs 

This  arrangement  of  the  habitations  has  some  bearing  upon  the 
question  of  drainage,  for  the  communication  between  the  several  floors 
being  vertical,  not  horizontal  as  between  the  houses  here,— the  solid 
matter  produced  on  each  can  be  passed  with  great  facility,  and  with 
the  aid  of  only  a  very  small  quantity  of  water,  through  a  main  soil- 
pipe,  into  one  or  more  receptacles  common  to  all.  A  certain  amount 
or  economy  is  the  result. 

The  average  degree  of  fluidity  of  the  matter  found  in  the  excavated 
Z7lfu  ?  ,  7"!^.  be  produced  by  the  mixture  of  about  one  solid 
part  with  four  of  hquid;  the  solid  (with  the  exception  of  foreign  sub- 

PosTd'nrr'llr^  '"'^''^y  '^^^'^^  ^"^^  the  liquid  being  com- 

fn  the       "   1  ^""'"^  ^^^t^^-    It  is  estimated  that, 

wa  er  1  ^"''^  ^^^''^ity  of  matter,  including  the 

tW   h?'s7il  '  ^"^"^^  the  passage  of  the  s1.1ids 

aSs  t  iTte  f"-^  individual 

ounts  to  If  htres  (3-08  English  pints).    Foreign  substances  are 
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found  in  great  abundance  in  the  cesspools ;  the  large  soil-pipes  per- 
mitting their  easy  introduction;  so  that  the  cesspool  becomes  the 
common  receptacle  for  a  g.eat  variety  of  articles  that  it  is  desired  secretly 
to  get  rid  of.  Article  1 9  of  the  Police  Regulations  directs  that  nightmen 
finding  any  articles  m  the  cesspools,  especially  such  as  lead  to  the  sus- 
picion of  a  crime  or  misdemeanor,  shall  make  a  declaration  of  the  fact 
the  same  day  to  a  Commissary  of  Police. 

The  cesspools  vary  consid<^rabiy  in  foulness ;  and  it  is  remarkable 
that  those  containing  the  greatest  proportion  of  water  are  the  most  foul 
and  dangerous.  This  is  accounted  for  by  the  increased  quantity  of  sul- 
phuretted hydrogen  gas  evolved  :  and  is  more  particularly  the  case  where, 
from  their  large  size,  or  from  the  small  number  of  people  using  them, 
much  time  is  allowed  for  the  matter  to  stagnate  and  decompose  in 
them.  Soap-suds  are  said  to  add  materially  to  their  offensive  and 
dangerous  condition.  The  foulness  of  the  cesspools,  therefore,  would 
appear  to  be  in  direct  proportion  to  the  cleanly  habits  of  the  inmates 
of  the  houses  to  which  they  respectively  belong.  Where  urine  pre- 
dominates ammoniacal  vapours  are  given  off  in  considerable  quantities, 
and  although  these  affect  the  eyes  of  those  exposed  to  them,  and  the 
nightmen  suffer  much  from  inflammation  of  these  organs,  no  danger 
to  life  results.  The  inflammation,  however,  is  often  sufficiently  acute 
to  produce  temporary  blindness,  and  from  this  cause  the  men  are  at 
times  thrown  out  of  work  for  days  together. 

2.  Moveable  Cesspools.' — There  are  two  sorts  of  moveable  cesspools  ; 
the  one  extremely  simple  and  primitive  in  construction,  the  other  more 
complicated.  The  former  retains  all  the  refuse,  both  liquid  and  solid, 
passed  into  it ;  the  latter  retains  only  the  solid  matter,  the  liquid  being 
separated  bya  sort  of  strainer,  and  running  off  into  another  receptacle. 

The  advantage  of  this  separating  apparatus  is  that  those  cesspools 
provided  with  it  require  to  be  emptied  less  frequently  than  the  others; 
the  solid  matter  being  alone  retained  in  the  moveable  part.  The  liquid 
portion  is  withdrawn  from  the  tank  in  which  it  is  received  by  pumping. 

In  the  following  illustration,  Fig.  2  exhibits  one  of  these  cesspools,  as 
it  is  usually  fixed  in  the  cellar  or  basement  of  a  house,  and  Fig.  3  a  sec- 
tion of  the  strainer  or  separating  apparatus. 

In  Fig.  2,  A  is  the  moveable  receptacle  retaining  the  solid  portion 
only  of  the  matter  which  falls  into  it  through  the  soil-pipe  B.  Its  usual 
capacity  is  5.5  gallons  (250  litres).  C  is  a  loose  muff  of  galvanized 
iron,  connecting  the  soil-pipe  with  the  dividing  apparatus.  D  is  a  fixed 
tank  or  reservoir,  constructed  either  of  oak  lined  with  lead  or  of  rubble 
stone  set  in  mortar,  composed  o^  hydraulic  lime  and  clean  river  sand, 
and  having  its  interior  lined  with  Roman  cement  (sometimes  a  former 
cesspool  is  used  for  this  reservoir).  E  is  a  man-hole.  The  capacity 
of  this  reservoir  is  generally  about  880  gallons  (4,000  litres). 

Fig.  3  is  a  vertical  section  of  the  separating  apparatus;  it  consists  of 
two  cylinders  of  zinc,  differing  in  diameter  about  three  centimetres,  one 
fixed  within  the  other.  The  surface  of  the  inner  cylinder  is  pierced 
with  numerous  small  holes,  so  that  it  acts  as  a  strainer,  retaining  the 
solid  matter,  and  allowing  the  fluid  to  fall  to  the  bottom  of  the  outer 
cylinder,  whence  it  is  conducted  by  the  pipe  F  into  the  reservoir  D. 

When  the  receptacle  A  is  full,  it  is  detached  and  removed  in  the  fol- 
lowing manner : 
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The  collar  G  is  first  unscrewed,  the  tube  F  detached,  and  a  plug 
screwed  into  the  socket  K  ;  the  loose  muff  C  is  then  lifted  on  to  the  pin 
L,  a  cover  fitted  into  the  opening  in  the  top  of  the  cylinder,  and  the 
receptacle  A  carried  into  a  cart  by  a  couple  of  men,  an  empty  one  bein? 
immediately  substituted  in  its  place. 

The  liquid  matter  contained  in  the  reservoir  D  is  removed  bv 
pumping  into  closed  carts;  the  suction-pipe  being  attached  to  the  fixed 
leaden  pipe  H,  which,  if  the  apparatus  is  placed  in  a  cellar,  is  usuallv 
carried  up  into  the  yard.  The  pumps  ordinarily  used  are  worked  by 
two  men,  and  will  fill  a;  cart  of  the  capacity  of  2,000  litres  in  about 
la  minutes. 

The  other  kind  of  moveable  cesspool  consists  simply  of  a  wooden  cask 
set  on  end,  and  having  its  top  pierced  to  admit  the  soil-pipe,  which  is 
connected  m  the  manner  before  described.  It  is  intended  to  retain  both 
solid  and  liquid  matter.  When  full,  it  is  detached  as  in  the  former  case 
and  the  aperture  in  the  top  having  been  closed  by  a  tight-fittino-  lid 
secured  by  an  iron  bar  placed  across,  it  is  removed,  and  an  empty  one 
immediately  substituted  for  it.  '  F  j 

tW^^T^'^^-^f  ^''^^  described  is  much  more  generally  used 
Bm  ft!  ''''■y  furnished  with  the  separating  apparatus, 

foun?  f  1^''        ^  increase.    They  are 

Sn?  *°  expensive  than  fixed  cesspools,  besides 

worS         inconveniences,  one  of  which  is  the  frequent  entrance  of 

^oSres  C.  K^'f'"^''''  ^-^^P^^POse  "f  ^^moving  them,  which 
sometimes  has  to  be  done  every  second  or  third  day.    Moreove;,  if  the 
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K«.  I'^^^T  ?  ^"S'""'' there  is  an  ove^ 

of  matter  when  he  soil-pipe  is  detached.  Or.  the  other  hand,  if  the 
removal  takes  p  ace  before  the  cask  is  completely  filled,  there  is  a  waste 
of  expense.  Indeed  the  moveable  system  seems  to  be  now  only  adopted 
where  some  difficulty  had  been  found  in  altering  the  then  existing  fixed 
cesspools,  m  accordance  with  the  ordonnancc  of  the  24th  September, 

cesspooT  ^  *°  ^"""'^  ^^'^  ^'^^  ''^'^  ^^^^ 

The  police  regulations  declare  that  — 

"  No  apparatus  of  a  moveable  cesspool  not  approved  of  by  the 
authorities  shall  be  established  in  Paris  for  replacing  cesspools  in 
masonry.  r      o  i 

"  No  apparatus  of  a  moveable  cesspool  shall  be  fixed,  without  a 
previous  declaration  made  at  the  prefecture  of  police  by  the  owner,  or 
by  the  contractor.  A  plan  of  the  localities  where  the  apparatus  is  to  be 
placed,  and  a  description  of  the  means  of  ventilation  shall  be  added  to 
this  declaration. 

"  Every  apparatus  when  full  shall  be  removed  and  replaced  by 
another  before  the  soil  runs  over." 

II.  The  Mode  of  Emptying  Cesspools. 

The  mode  of  emptying  the  cesspools  is  the  next  branch  of  the  subject, 
and  one  which  has  exercised  a  good  deal  of  ingenuity  on  the  part  of 
those  who  make  a  commercial  speculation  of  it,  besides  constantly 
demanding  the  vigilant  attention  of  the  police  authorities. 

With  regard  to  the  moveable  cesspool,  the  process  of  emptying  is  very 
■  simple,  though  undoubtedly  demanding  a  considerable  expenditure  of 
labour.  The  tank  or  barrel,  when  filled,  is,  as  before  stated,  discon- 
nected from  the  soil-pipe,  an  empty  one  being  immediately  substituted 
in  its  place,  and  the  bunghole  being  securely  closed,  it  is  conveyed 
away  on  a  vehicle,  somewhat  resembling  a  brewer's  dray  (which  holds 
about  eight  or  ten  of  them),  to  the  spot  appointed  as  a  depository  of  its 
discharged  contents. 

The  removal  of  moveable  cesspools  is  allowed  to  take  place  during 
the  day. 

Fixed  or  excavated  cesspools,  of  course,  require  to  be  emptied  on  the 
spot  into  carts,  which  for  the  time  answer  the  duty  of  moveable  cess- 
pools, insofar  as  relates  to  the  purpose  of  transport.  The  process  is 
necessarily  attended,  more  or  less,  with  stench  and  other  disagreeable 
incidents  to  the  annoyance  of  the  inhabitants  of  the  neighbourhood,  and 
the  passers  by ;  and  the  police  regulations,  therefore,  whilst  providing 
every  precaution  Avhich  prudence  could  suggest  as  to  the  mode  in 
which  the  process  is  conducted,  require  further  that  no  cesspool  shall  be 
emptied,  and  no  soil-cart  employed  in  emptying  it  shall  be  allowed  to 
go  through  the  streets  of  Paris  between  the  hours  of  eight  in  the  morn- 
ing and  10  in  the  evening  from  the  1st  of  October  tothe 31st  of  March; 
nor  between  the  hours  of  six  in  the  morning  and  1 1  in  the  evening 
from  the  1st  of  April  to  the  30th  of  September. 

The  proprietors  of  houses  are  required  to  empty  their  cesspools  so 
soon  as  they  are  full,  having  previously  given  notice  by  a  declaration  in 
writing  of  their  intention  to  do  so.    No  cesspool  may  be  partially 


Vidange  Companies  in  Paris.  '  9 

emptied  without  authority  from  the  police.    The  soil  must  be  thoroughly  :Mr. 
cleaned  out,  and  then  the  cesspool  swept  and  washed  before  it  is  again  '  ^'''"l^^^' 
closed.  No  cesspool  may  be  closed,  after  being  emptied,  without  a  written 
authority  given,  after  inspection,  by  the  Director  of  Public  Health,  or  by 
the  Commissary,  architect  of  the  Petite  Voirie. 

The  repairing  of  a  cesspool  is  to  be  notified  and  performed  with  the 
same  formalities  and  precautions  as  the  emptying  of  one. 

Before  opening  any  cesspool,  whether  for  the  purpose  of  emptying  or 
repair,  precautions  are  taken  to  prevent  accidents  which  might  be  pro- 
duced by  the  escape  or  ignition  of  the  gases  which  may  have  generated 
in  them.    The  police  regulations  provide  that  no  person  shall  be  allowed 
to  follow  the  business  of  nightman  without  having  previously  obtained  a 
license  or  permission  from  the  prefect  of  police,  which  is  only  granted 
after  proof  that  the  party  is  provided  with  the  necessary  apparatus,  and 
carts  for  the  extraction  and  transport  of  the  soil,  and  also,  with  a  suitable 
establishment  or  depot  in  a  certain  locality,  for  their  reception  when 
not  in  use.    The  stock  of  the  contractors  for  emptying  night-soil  is 
inspected  at  least  twice  a-year,  when,  if  found  inadequate,  or  out  of 
repair,  his  license  is  withdrawn. " 

Other  regulations  provide  that  not  less  than  four  men  shall  form  the 
"  gang"  employed  in  every  case ;  that  the  soil  shall  not  be  removed 
from  the  cesspool  until  the  carts  have  arrived ;  and  that  the  carts,  or 
apparatus,  filled  with  night-soil,  shall  be  removed  direct  to  the  dep'ots 
specified  by  the  public  authorities  for  its  deposit. 

Vidange  Companies.— There  are  several  companies  in  Paris— in  all  I 
heheve  eight— which  undertake  the  extraction  and  removal  of  the  contents 
of  cesspools  ;  they  are  termed  Compagnies  de  Vidanges.  That  known 
as  the  Compagnie  Richer  is  the  most  important  of  them,  doing  more 
than  half  the  entire  work.  The  capital  invested  in  the  working  stock  of 
tijiis  Company  is,  as  I  am  informed,  upwards  of  200,000/.  sterling. 
Their  service  requires,  at  the  present  rate  of  business,  the  labour  of  350 
horses,  and  the  use  of  120  vehicles  of  various  descriptions.  Their 
pnncipal  establishment  is  at  Montfaucon,  adjoining  the  Voirie,  the  spot 
upon  which  the  night-soil  of  Paris  has  for  ages  been  deposited. 
M.  Heloin  the  Managing  Director  of  this  Company,  with  much  courtesy, 
gave  me  full  explanations  as  to  their  mode  of  working ;  and  as  it  does  not 
differ  m  any  material  particular  from  that  generally  pursued,  I  shall 
confine  myself,  in  the  following  details,  to  what  I  observed,  or  was 
informed  of,  m  this  establishment. 

The  mode  of  emptying  the  excavated  or  fixed  cesspools  adopted  bv 
his  Company,  and,  indeed,  universally  in  Paris,  is  to  pump  their  con- 
tents mto  closed  carts  for  transport.  This  operation  is  performed  with 
jwo  descriptions  of  pumps,  one  working  on  what  may  be  called  the 
hydrauhc  prmcple,  the  other  on  the  pneumatic.  In'the  former  the 
vdives  are  placed  m  the  pipe  communicating  between  the  cesspool  and 

Placed  bZ  !  .'^  P^"^P'^-    I"       ^^"^^  the  valves  are 

Placed  beyond  the  cart  and  the  air  being  pumped  out  of  the  cart  the 

Sp  ^l^'      "P       vacuum  so  occasioned.    The  real  prin- 

atm^  \  '^"'^     ^«th  cases,  the  matter  being  forced  un  bv 

t::t:irXr:  .^"^  ^TT  ^^^^^^''^  System  Is!  Ca't 

are  no  valves  to  impede  the  free  passage  of  matter  through  the 
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The  cart  employed  for  the  pneumatic  system  consists  of  an  iron 
cyhnder  mounted  sometimes  upon  four,  but  generally  upon  two  wheels, 
Ae  latter  arrang-ement  being  found  to  be  the  more  convenient! 
Previous  to  use  at  the  cesspool,  the  carts  are  drawn  to  a  branch 
establishment,  situated  just  within  the  Barri^re  du  Combat,  where 
they  are  exhausted  of  air  with  an  air-pump  worked  by  steam  power. 
A  12-horse  engine  erected  here  is  capable  of  exhausting-  five  carts  at 
the  same  time ;  the  vacuum  produced  being  equal  to  28f  inches  (72 
centimetres)  of  mercury.  A  cart  in  good  repair,  and  upon  two  wheels, 
uill  preserve  a  practical  vacuum  for  48  hours  after  exhaustion. 

Ihe  usual  capacity  of  both  descriptions  of  cart  is  2,000  litres,  the 
largest  size  allowed  by  the  police  regulations,  and  the  total  weijrht,  when 
lull,  about  3  tons  8  cwt.    Three  horses  are  employed  to  draw  iu 
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Fig.  3  represents  one  of  the  carts  mounted  upon  four  wheels,  used 
for  tlie  pneumatic  system,  with  a  small  air-pump  for  completing  the 
exhaustion  at  the  scene  of  operations  shown  at  A,  and  a  furnace 
for  burning;  the  foul  air  withdrawn,  shown  at  B.  The  body  of  the 
cart  is  cylindrical,  and  is  made  of  plates  of  wrought  iron  rivetted 
together. 

The  suction-pipe  from  the  cesspool  is  connected  by  means  of  the 
piece  C,  which  not  only  serves  as  the  apperture  for  filling  the  cart,  but 
also  as  the  apperture  for  discharging  its  contents.  It  is  shown  on  an 
enlarged  scale  in  the  drawing  below,  fig.  4,  connected  with  the 
curved  pipe  B,  which  is  usually  fixed  underneath  the  cart,  near  the 
end  of  tiie  cylinder ;  sometimes  this  pipe  is  made  to  project  horizon- 
tally from  the  end.  The  communication  with  the  suction  pipe,  or  the 
external  air,  is  opened  or  closed  by  the  plug  6,  which  may  be  withdrawn 
from  or  inserted  into  the  aperture  by  the  rod  a. 

In  order  to  save  expense  it  was  attempted  to  substitute  wood  for 
the  iron  used  for  the  laody  of  the  cart,  A  very  straight-grained  wood 
was  selected  for  the  purpose,  and  subjected  to  some  preparation. 
After  the  cylinder  was  formed,  it  was  coated  and  lined  with  a  com- 
position, of  which  pitch  was  a  principal  ingredient.  The  attempt, 
however,  wns  not  successful,  for,  in  use,  it  was  found  that  the  vacuum 
could  not  be  maintained  in  these  carts  with  certainty,  in  consequence 
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of  the  expansion  and  contraction  of  the  material  under  the  influence  —Mr. 
of  atmospheric  changes.  Kammeii. 


Fig.  4. 


The  body  of  the  cart  used  for  the  hydraulic  system  is  formed  of  wood, 
strongly  bound  with  iron  hoops ;  and  in  sbape  resembles  a  butt.  It  holcls, 
as  the  others,  2,000  litres,  and  is  usually  mounted,  without  springs,  upon 
two  wheels.  The  delivery  pipe  from  the  pump  communicates  at  the 
top.    The  contents  are  discharged  at  tbe  lower  part  behind. 

The  number  of  carts  required  for  each  operation,  of  course,  varies 
according  to  the  size  of  the  cesspool  to  be  emptied ;  but  as  these  contain 
on  the  average  about  five  cart-loads,  that  is  the  number  usuallv  sent. 

In  addition  to  the  carts  for  the  transport  of  the  niiiht-soil,  a  ligbt- 
covered  spring  van  drawn  by  one  horse  is  used  to  carry  the  tools,  &c. 
required  in  the  process. 

These  consist  of — 

1.  An  air-pump  when  the  work  is  to  be  done  on  the  pneumatic  system, 
and  of  a  hydrauHc  pump  when  it  is  to  be  done  on  the  hydrauhc  system. 

2.  About  50  metres  of  suction-pipe  of  various  forms  and  lengths. 

3.  A  furnace  for  the  purpose  of  burning  the  gases. 

4.  Wooden  hods  for  the  removal  of  the  solid  night-soil. 

5.  Pails,  a  ladder,  pincers,  levers,  hammers,  and  other  articles. 

1  shall  now  endeavour  to  describe  the  operation  of  fillinjr  the  carts  as 
performed  upon  the  pneumatic  system,  with  the  machine^s  and  imple- 
ments used  ior  the  purpose. 

The  carts  belonging  to  the  Compagnie  Richer,  are  first  taken  to  the 
estaWishment  near  the  Barriere  du  Combat,  where,  as  before  stated,  thev 
are  exhausted  of  air  by  steam  power. 

An  opening  into  the  cesspool  having  been  effected,  the  suction-pipe  is 
laid  from  this  receptacle  to  the  cart.  This  pipe  is  3if  inches  (10  cen- 
m  eires)  m  diameter,  and  is  in  separate  pieces  of  about  10  feet  each, 
™  others  shorter  (down  even  to  1  fool),  to  make  up  any  exact 
Se/?"'''^--  commonly  used ;  one  made  of 

other  of  coppeV°''  ^''^  """"""^  '^''^^^^  inside  to  prevent  collapse,  the 

the^Jonner  f''        I'  ^  '^"Sree  of  pliability  is  required  ; 

piecesTruck  fil'''"-^^'  P'?-'  f        ^^"^  determined  curves 

I    ces  struck  from  various  radii  being  made  for  the  purpose 
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Oiher  materials  have  been  employed  for  the  pipe.  Gutta  percha  was 
tried  as  a  substitute  for  leather,  but  the  pipes  of  this  material  were 
found  to  be  liable  to  splitting.  Lately  a  wrought-iron  coated  with 
lead  by  a  new  process  has  been  tried,  and  it  is  thought  may  replace  the 
copper.  This  description  of  pipe,  however,  has  not  yet  had  a  sufficiently 
long  trial  to  test  its  merits. 

To  prevent  choking  from  the  entrance  of  foreign  substances,  the  end 
of  the  pipe  placed  in  the  cesspool  is  on  the  hydraulic  system,  usually  . 
protected  by  an  enlarged  piece,  about  1  foot  long  and  9  inches  in 
diameter,  made  of  wrought-iron,  and  pierced  with  holes,  but  on  the 
pneumatic  system,  where  there  are  no  valves  in  the  suction  pipe,  this 
contrivance  is  very  rarely  used. 

The  communication  between  the  suction-pipe  and  the  cart  being 
opened  by  withdrawing,  as  before  described,  the  plug  h  by  means  of  the 
forked  rod  a  into  the  recess  c, — an  operation  requiring  the  strength 
of  two  men — the  matter  in  the  cesspool  immediately  rushes  into 
the  cart,  being  forced  up  by  the  weight  of  the  atmosphere,  with  con- 
siderable velocity  to  occupy  the  vacuum  existing,  which  it  will  do  entirely 
in  from  two  to  three  minutes.  The  cart  will  then  be  about  three-fourths 
filled  with  matter,  the  remaining  space  being  occupied  by  the  rarefied 
air  previously  existing  in  the  cart,  and  by  the  air  contained  in  the 
length  of  suction-pipe.  The  operation  is  completed,  and  the  cart 
entirely  filled,  by  withdrawing  this  air  with  a  small  air  pump  usually- 
worked  by  two  men.  (See  Fig.  3.)  This  is  placed  upon  the  ground, 
and  communicates  with  the  cart  at  top,  by  a  flexible  India-rubber  tube, 
about  1  inch  in  diameter;  the  air,  as  fast  as  it  is  pumped  out,  being 
forced  through  a  similar  tube,  communicating  underneath  with  the 
furnace  B,  where  it  is  burnt.  For  ascertaining  when  the  cart  is  full, 
a  piece  of  glass  tube  is  inserted  in  the  brass  end  of  the  air-pipe,  through 
which,  by  the  aid  of  a  small  lar  tern  placed  near,  the  matter  may  be 
seen  to  rise. 

In  case  the  suction-pipe  should  become  choked,  it  is  cleared  by  the 
contrivance  shown  at  G,  figure  4.  The  plug  b  having  been  thrust 
back  into  its  place,  the  piece  d  is  unscrewed  and  turned  down;  a 
communication  is  then  opened  with  the  atmosphere  through  e  by 
lifting  the  valve  /  when  its  pressure  causes  the  matter  contained  in 
the  pipe  rapidly  to  descend. 

The  valve/ may  now  be  again  closed  and  secured  by  the  piece  d,  the 
plug  h  again  withdrawn,  and  the  operation  of  filling  continued. 

When  a  cart  is  completely  filled,  the  air-pipe  and  suction-pipe  are 
detached,  and  the  orifices  closed.  It  is  then  drawn  away,  another  being 
immediately  brought  up  to  undergo  the  same  process. 

In  the  hydraulic  system  the  suction-pipe  used  formerly  was  only  2^ 
inches  (5^  centimetres)  in  diameter,  but  the  Compagnie  Richer,  by 
the  use  of  a  peculiar  pump,  which  they  have  patented,  have  been  enabled 
to  increase  theirs  to  nearly  Si  inches  (8  centimetres)  in  diameter. 

The  peculiarity  of  the  pump  adopted  by  the  Compagnie  Richer  consists 
in  the  use  of  what  may  be  called  leathern  lungs  to  perform  the  function 
of  the  cylinder  and  pistons  in  common  use  ;  in  other  respects  it  is  an 
ordinary  double-force  pump.  By  this  improvement  a  considerable  amount 
of  friction  and  consequent  labour  is  saved.    These  pumps  rarely  get  out 
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of  order;  and  they  are  easily  repaired,  no  very  accurate  fitting  of  the  ^^^Mr.^^^^ 

parts  being  required.  .   .     ,     ,  — • 

The  hydraulic  pump  is  usually  worked  by  four  men;  it  is  placed 
upon  the  ground  at  the  most  convenient  spot,  and  the  cart  may  be 
filled  under  ordinary  circumstances,  in  from  three  to  five  minutes. 

The  furnace  consists  of  a  sheet-iron  cylinder,  about  9  inches  in  dia- 
meter, pierced  with  small  holes,  and  covered  with  a  conical  cap  to  prevent 
the  flame  spreading.  The  vent-pipe  first  communicates  underneath  with 
a  small  reservoir,  intended  to  contain  the  matter  in  case  the  operation 
should  be  carried  too  far,  A  piece  is  inserted  in  the  bottom  of  this 
reservoir,  by  unscrewing  which  it  may  be  emptied. 

The  furnace  is  sometimes  fixed  upon  a  plank,  which  rests  upon  two 

projecting  pieces  behind  the  cart.  -r..     c      a  i 

The  indicator  sometimes  used  is  represented  in  Fig.  5.  ^  A  glass 
tube  a  (which  when  not  in  use  is  protected  by  a  copper  cap)  is  fixed  in 
the  piece  6  ;  c  is  an  indicator  fixed  on  one  end  of  the  lever  I,  which 
rises  and  falls  in  this  tube  ;  upon  the  other  end  of  this  lever  is  a  cork 
float,  L  ;  when  the  cart  is  nearly  full,  the  cork  from  L  rising  causes 
the  indicator  c  to  descend  ;  this  is  seen  through  the  glass  tube,  a  small 
lantern  being  placed  near  it. 

Fig.  5. 


SlAU  OF  INCHES. 
t     I 1  .    -1  . 

Ol.  U  Z.  a  4   4  4  r  *  s    10  "  la 

Several  contrivances  to  give  the  workmen  notice  of  the  completion 
of  the  operation  of  filling  the  cart  being  near  at  hand,  have  been  tried. 
A  float  rising  and  stopping  the  mouth  of  the  air-pipe  communicating 
with  the  furnace  was  tried.    On  the  first  occasion  it  answered  very 
well,  the  pump  being  suddenly  brought  to  a  stand-still.    On  the  second 
occasicm  the  men  continued  pumping,  although  the  labour  became 
exceedingly  heavy ;  at  last  a  violent  explosion  took  place  ;  the  ends  of 
the  cart,  with  its  contents,  being  forced  out  and  blown  to  a  consider- 
able distance.    The  noise  was  so  loud  that  a  detachment  of  men  was 
despatched  from  the  nearest  Corps-de- Garde,  on  the  supposition  that 
an  explosion  of  gunpowder  had  taken  place.    Upon  examination  it 
was  found,  that  on  the  former  occasion  the  float  had  been  pressed  so 
tightly  against  the  orifice  of  the  air-pipe  as  to  prevent  its  subsequent  • 
descent,  and  consequently  no  escape  of  air  could  take  place  on  the 
second  trial. 

Towards  the  end  of  the  operation,  when  the  quantity  of  matter  re- 
roainiiig  in  the  cesspool,  although  sufficiently  fluid,  is  too  shallow  for 
pumping,  it  is  scooped  into  a  large  pail  ;  and  the  end  of  the  suction- 
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.mmeii  ^^'"^  'introduced,  drawn  up  into  the  cart.    When  the  matter  ig- 

•  in  too  solid  a  state  to  pass  through  the  pipe,  it  is  carried  to  the  cart 
in  hods,  unless  it  is  in  considerable  quantity.  In  that  case  it  is  re- 
moved in  vessels  called  "  tineties,''  in  the  shape  of  a  truncated  cone, 
holding:  each  about  3^  cubic  feet.  These  vessels  are  closed  with  a  lid' 
and  are  lilted  into  an  open  waggon  for  transport. 

The  greatest  length  of  suction-pipe  that  can  be  worked  on  the  pneu- 
matic system  is  about  100  metres  ;  but  this  will  of  course  vary  accord-, 
ing  to  the  greater  or  less  depth  of  the  cesspool,  and  the  fluidity  of  the 
matter  to  be  pumped.    The  greatest  depth  that  can  be  worked  with  a' 
short  length  of  pipe  at  the  vacuum  used  is  about  26  feet. 

On  the  hydraulic  system  I  am  told  that  practically  there  is  no  limit 
to  the  length  of  pipe,  and,  of  course,  there  is  none  to  the  depth.  A' 
length  of  200  or  300  yards  can  be  worked  without  greatly  increased 
labour. 

The  friction  through  the  pipe  cannot  be  regarded  as  adding  much  to 
the  labour  of  pumping  when  the  slowness  of  the  motion  is  taken  into 
account ;  at  least,  supposing  the  matter  to  possess  a  tolerable  degree 
of  fluidity,  and  the  machine  to  be  double  acting. 

The  quantity  of  soil  that  a  gang  will  remove  during  the  night  varies 
from  18  to  60  cubic  metres,  according  to  the  size  and  depth  of  the 
cesspool,  the  fluidity  of  the  matter,  the  distance  to  be  gone  over,  &c. 
Every  gang  is  expected  to  perform  at  least  18  cubic  metres.  All  done 
beyond  that  quantity  is  paid  for  extra. 

In  fixing  the  rate  of  charge  to  the  proprietors  of  houses,  Paris  has 
been  divided  into  three  districts,  by  concentric  arcs  drawn  from  the 
Voirie  of  Montfaucon  as  a  centre.  In  the  district  nearest  to  the 
Voirie  the  chara:e  is  8  francs  per  cubic  metre ;  in  the  others,  9  and 
10  francs  respectively  ;  this  includes  every  expense,  excepting  when  the 
deodorizing  fluid  is  used,  which  it  very  rarely  is  ;  for  that  an  extra 
charge  of  60  centimes,  about  6d.  per  cubic  metre,  is  made.  The 
charge  to  the  proprietors  is  the  same  whether  the  work  is  performed  on 
the  pneumatic  or  the  hydraulic  system. 

The  pneumatic  system  was  introduced  only  about  four  or  five  years 
since,  and  the  Company  Richer  went  to  very  considerable  expense  in 
cai'ts  and  machines  for  carrying  it  out  in  a  very  perfect  manner,  and 
upon  an  extensive  scale ;  conceiving  that  it  offered  advantages  in  per- 
mitting the  use  of  a  much  larger  suction-pipe,  and  the  abolition  of  the 
valves  within  it.  These  advantages,  however,  have  a  good  deal  diminished 
in  value  since  the  adoption  of  the  improved  pump  for  the  hydraulic 
system,  which  has  also  permitted  an  increase  in  the  size  of  the  suction- 
pipe,  and  that  to  an  extent  more  than  double  its  former  sectional  area. 

Independently  of  the  expense  of  producing  the  vacuum  by  steam- 
power,  and  which  in  Paris  where  coal  is  dear  is  by  no  means  inconsider- 
able, the  working  expenses  of  the  pneumatic  system  are  nearly  if  not  quite 
as  heavy  as  those  appertaining  to  the  hydraulic  system.  There  is  little 
.  or  no  saving  in  the  number  of  men  at  the  cesspool — a  police  regulation 
requiring  that  there  shall  never  be  less  than  four  present  in  case  of 
accident.  And  even  if  such  a  regulation  did  not  exist,  no  great  saving 
in  this  resjiect  could  be  effected,  as  a  pump  requiring  the  labour  of 
two  men,  and  inconveniently  placed  near  the  cart,  and  as  far  as  possible 
from  the  cesspool,  has  still  to  be  worked  at  the  close  of  the  operation. 
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Moi*eover,  the.  carts  employed  for  this  system  ai*e  much  more  costly  Mr. 
than  those  used  for  the  hydraulic  system.  Iron  has  to  be  substituted 
for  wood  for  the  body,  and  very  accurate  workmanship  and  fitting  of 
eVery  separate  piece  is  required  to  ensure  the  certain  action  of  the  prin- 
ciple. It  is  absolutely  necessary,  too,  that  the  carts  should  be  kept  ia 
perfect  repair.  To  guard  against  the  eflfects  of  jolting  upon  rough 
pavement,  they  were  at  first  mounted  upon  springs,  which  from  the 
heavy  weight  thrown  upon  Ihem,  were  constantly  requiring  repair. 

Taking  into  account  the  interest  on  additional  capital  sunk  in  the 
first  cost  of  the  machines,  the  increased  expense  of  repairs,  and  some 
slight  increase  in  the  working  expenses,  it  is  estimated  that  the  pneu- 
matic system  is  the  more  expensive  of  the  two  by  at  least  25  per  cent. 

Looking  at  this  fact,  in  connexion  with  the  increased  efficiency  of  the 
hydraulic  system,  it  is  not  unreasonable  to  conclude  that  the  pneumatic 
system  will  not  long  maintain  the  ground  it  has  gained,  but  will  yield 
it  up  again  to  the  hydraulic  system  which  it  has  to  some  extent  dis- 
placed. 

Complicated,  laborious,  and  expensive  as  the  operations  above  de- 
scribed are,  it  must  not  be  supposed  that  the  process  of  emptying  a  fixed 
cesspool  is  no  longer  a  nuisance.  The  magnitude  of  the  original 
evil  is  certainly  much  diminished  by  the  improved  method  adopted  ; 
hut  in  its  reduced  dimensions  it  still  exists,  and  will  continue  to  exist  as 
long  as  the  cesspools  themselves.  On  the  first  removal  of  the  stone  that 
covers  the  man-hole,  there  is  an  escape  of  gas  from  the  cesspool,  and  this 
goes  on  in  greater  or  smaller  volume  until  this  aperture  is  again  closed 
up  ;  during  the  pumping  the  matter  oozes  from  the  joints  ot  the  pipe  if 
they  are  not  perfectly  tight,  and  from  the  pipe  itself  should  there  be  a 
flaw  in  any  of  the  lengths  :  there  is  an  escape  of  it  also  on  shifting  the 
pipe  from  one  cart  to  another,,  and  when  the  several  lengths  of  pipe  are 
disconnected  after  the  operation  is  completed. 

Amongst  the  means  adopted  to  prevent  the  vitiation  of  the  atmo- 
sphere, is  a  furnace  to  burn  the  noxious  gases  evolved,  and  which 
13  not  only  used  for  consuming  the  air  drawn  from  the  pneumatic  carts 
at  the  spot  where  they  are  exhausted,  but  is  also  conveyed  with  the 
carts  to  every  cesspool  to  be  emptied.  The  advantages  attributed  to 
it,  however,  are  very  much  overrated.  When  the  pump  is  in  full 
operation,  the  gase'S  are  forced  through  the  furnace  with  a  rapidity  too 
great  to  allow  of  perfect  combustion;  and  even  supposing  the  com- 
bustion perfect,  the  resulting  gas  or  smoke  evolved  and  discharged 
into  the  atmosphere  cannot  fail  itself  to  be  of  an  offensive  character. 

From  some  or  all  of  these  causes  there  is  sufficient  gas  escap- 
ing to  vitiate  to  a  greater  or  less  extent  the  surrounding  atmosphere, 
as  I  know  from  experience,  having  twice,  after  witnessing  these 
operations,  suffered  from  attacks  of  illness.  On  the  first  occasion  the 
men  engaged  in  the  operation  omitted  to  burn  the  foul  air,  and  the 
atmosphere  being  at  the  time  excessively  charged  with  moisture,  owing 
to  a  heavy  fall  of  rain  which  had  taken  place  during  the  evening,  so 
intense  was  the  odour  given  off,  that  although  the  house  to  which  the 
cesspool  belonged  was  situated  in  the  Rue  du  Port  Mahon,  and  a 
perfect  calm  prevailed,  it  was  most  disagreeably  perceptible  as  far  off 
as  the  Rue  Menars,  a  distance  of  more  than  400  yards.  I  reached  the 
scene  of  operation  a  little  after  12  o'clock,  and  remaining  only  a  few' 
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Mr.  minutes,  returned  home  and  retired  to  rest.  About  2  o'clock  I  awoke 
Uammeli.  ^j^j^  ^  scnsation  of  sickness,  and  was  shortly  afterwards  taken  with 
violent  vomiting  and  diarrhoea;  symptoms  which  continued  at  intervals 
during  the  greater  part  of  the  night,  accompap.ied  with  alternate  fite 
of  shivering  and  feverish  flushing,  and  also  with  intense  pain  across 
the  forehead.  In  the  morning  I  found  my  muscular  strength  com- 
pletely prostrated,  and  I  did  not  entirely  recover  it  lor  a  week  or  ten 
days  afterwards.  On  the  second  occasion  the  attack  was  much  more 
mild,  and  unaccompanied  by  vomiting. 

■ 

III.  Places  of  Deposit  for  the  Matter  withdrawn  from  the 

Cesspools. 

The  present  produce  of  the  cesspools  of  Paris  amounts  to  between  600 
and  700  cubic  metres  a-day.  The  principal,  and  until  a  few  years  ago, 
the  only,  place  of  deposit  for  this  matter  was  the  Voirie  of  Monlfau- 
con.  M.  Jules  Gamier,  in  his  "  Visite  k  Montfaucon,"  sayg,  "  For  more 
than  nine  centuries  Montfaucon  has  been  devoted  to  this  purpose.  It 
was  there  that  the  inhabitants  of  Paris  were  in  the  habit  of  depositing 
their  filth  before  the  walls  of  the  capital  extended  beyond  what  is 
now  the  Quartier  Central.  The  distance  between  Paris  and  Mont- 
faucon was  then  more  than  half  a  league."  At  Montfaucon  the  solid 
portion  of  this  matter  is  manufactured  into  a  dry  manure,  called,  from  its 
peculiar  appearance,  j90MC?re«e.  The  basins  belong  to  the  commune 
of  the  city,  who  have  been  in  the  habit  of  farming  them,  together  with 
their  contents,  for  periods  of  nine  years,  to  the  highest  bidder. 

The  produce  of  this  sale  has  increased  enormously  of  late. 

Francs.  Sterling  per  Annum. 

In  1808  the  sale  was  effected  for  97,000,  or  about  £3,880 
In  1817  ,,  75,000  3,000 

In  1834         ,,  165,000  7,000 

In  1843  525,000       ,,  21,000 

The  proceeds  are  appropriated  by  the  commune. 

There  appears,  however,  to  be  some  disposition  on  the  part  of  the 
proprietors  of  the  houses  to  claim  a  property  in  the  soil  after  it  is  de- 
posited at  the  Voirie,  and  to  the  proceeds  of  the  sale ;  and  I  have 
been  informed  that,  at  the  next  letting,  it  is  probable  they  will  take 
measures  to  try  this  question  of  right. 

In  addition  to  the  manufacture  of  poicdrette,  a  considerable  quantity 
of  ammonia  is  extracted  from  the  liquids,  about  one-third  of  the  whole 
being  passed  through  some  chemical  works  for  the  purpose.  The  right 
of  extracting  the  ammonia  is  farmed  at  present  for  3,200/.  per  annum  : 
this  farm-rent  belongs  to  the  Fermier  General. 

Voirie  of  Montfaucon,  and  Manufacture  of  Poudrette.—Tht  Voirie 
of  Montfaucon  is  situated  to  the  north  of  Paris,  at  a  short  distance  from 
the  Barriers,  and  not  far  from  the  road  to  Meaux  and  the  basin  of  La 
Villette— the  feeder  of  the  Canal  de  I'Ourcq.  It  is  at  a  considerable 
elevation  above  the  plain  of  Paris. 

The  site  of  the  Voirie  has  undergone  extensive  excavations  for 
gvpsum,  or  plaster  of  Paris,  and  its  surface  is  extremely  uneven.  The 
area  wliich  is  about  40  acres  in  extent,  is  divided  into  three  irregular 
compartments:—!.  The  system  of  basins.    2.  The  ground  used  for 
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spreading  and  drying  the  matter.  3.  The  place  where  the  matter  is 
heaped  up  after  having  been  dried. 

The  basins,  standing  for  the  most  part  in  gradations,  one  above 
another,  by  reason  of  the  slope  of  the  yround,  are  six  in  number.  The 
two  upper  ones,  which  are  upon  a  level,  first  receive  the  soil  upon  its 
arrival  at  the  Voirie;  the  four  others  are  receptacles  for  the  more  liquid 
portion  as  it  gradually  flows  off  from  the  upper  basins. 

The  ground  used  for  spreading  and  drying  the  matter  is,  in  some 
places,  flat ;  in  others,  more  or  less  steep  :  the  latter  is  most  favourable 
for  its  easy  distribution. 

There  is  a  great  difference  in  the  character  of  the  soil  brought ;  that 
taken  from  the  upper  part'of  the  cesspools,  and  amounting  to  a  large  pro- 
portion of  the  whole,  being  entirely  liquid  ;  while  the  remainder  is  more 
or  less  solid,  according  to  the  depth  at  which  it  is  taken.  The  whole, 
however,  during  winter  or  rainy  weather,  is  indiscriminately  deposited 
in  the  upper  basins ;  but  in  dry  weather,  the  nearly  solid  portion  is  at 
once  thrown  upon  the  drying  ground. 

It  is  in  the  upper  basins  that  the  first  separation  of  the  liquids  and 
solids  takes  place ;  the  latter  falling  to  the  bottom,  and  the  former  gra- 
dually flowing  off  through  a  sluice  into  the  lower  basins.  This  first 
separation,  however,  is  by  no  means  complete,  a  considerable  deposit 
taking  place  in  the  lower  basins.  The  mass  in  the  upper  basins,  after 
three  or  four  years,  then  appears  like  a  thick  mud,  half  liquid,  half 
solid  ;  it  is  of  depth  varying  from  12  to  15  feet.  In  order  entirely  to 
get  rid  of  the  liquids,  deep  channels  are  now  cut  across  the  mass,  by 
which  they  are  drained  off",  when  the  deposit  soon  becomes  sufficiently 
stiff  to  permit  of  its  being  dug  out  and  spread  upon  the  drying-ground, 
where,  to  assist  the  desiccation,  it  is  turned  over  two  or  three  times  a- 
day  by  means  of  a  harrow  drawn  by  a  horse. 

The  time  necessary  for  the  requisite  desiccation  varies  a  good  deal, 
according  to  the  season  of  the  year,  the  temperature,  and  the  dry  or 
moist  state  of  the  atmosphere.  Ere  yet  it  is  entirely  deprived  of  humidity, 
the  matter  is  collected  into  heaps,  varying  in  size  usually  from  8  to  10 
yards  high,  and  from  60  or  80  yards  long,  by  25  or  30  yards  wide. 
These  heaps  or  mounds  generally  remain  a  twelvemonth  untouched, 
sometimes  even  for  two  or  three  years  ;  but  as  fast  as  the  material  is 
required,  they  are  worked  from  one  of  the  sides  by  means  of  pickaxes, 
shovels,  and  rakes ;  the  pieces  separated  are  then  easily  broken  and 
reduced  to  powder,  foreign  substances  being  carefully  excluded.  This 
operation,  which  is  the  last  the  matter  undergoes, 'is  performed  by 
women.  The  poudrette  then  appears  like  a  mould  of  a  grey-black 
colour,  light,  greasy  to  the  touch,  finely  grained,  and  yiving  out  a 
particular  faint  and  nauseous  odour. 

The  finer  particles  of  matter  carried  by  the  liquids  into  the  lower 
Dasins,  and  there  more  gradually  deposited  in  combination  with  a  pre- 
cipitate trom_  the  urine,  yield  a  variety  of  poudrette,  preferred,  by  the 
idrmers,  for  its  superior  fertilizing  properties.  In  this  case  the  drying 
process  is  conducted  more  slowly  and  with  more  difficulty  than  in  the 
""ler,  but  more  completely. 

have'fn^'''^^^^^^''^'^'^'""/'  ^""'^^  ^^^^  g^^^*  difficulty;  it  appears  to 
niorelX  '        ^"bstances  give  out  moisture 

more  slowly,  or  absorb  it  more  greedily  from  the  air. 
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A  g-ood  deal  of  heat  is  generated  in  the  heaps  of  dessicated  matter 
Ihis  is  always  sensible  to  the  touch,  and  sometimes  results  in  sijontane- 
ous  combustion. 

The  intensity  of  this  heat  is  not  in  proportion  to  the  elevation  of 
temperature  of  the  atmosphere.  It  is  promoted  by  moisture.  The 
only  means  of  extinguishing  the  fire  when  it  is  once  developed  is  to 
turn  over  the  mass  from  top  to  bottom,  in  order  to  expose  it  to  tlie  air. 
Water  thrown  upon  it,  unless  in  very  large  quantities,  would  only 
increase  its  activity. 

The  quantity  of  poudrette  sold  in  1818  was — 

At  the  Voirie   50,000  setters  (4i  heaped  bushels, 

each  English  measure.) 
Sent  into  the  departments     .  20,000  setters. 

Total  sale,  1818  .     .     .  70,000  setters,  at  prices  of  7,  8, 

9  francs  the  setier. 

This  is  equal,  at  the  average  price  of  8  francs,  to  22,400Z.  sterling. 

The  refuse  liquids,  as  fast  as  they  overflow  the  basins,  or  are  passed 
through  the  chemical  works,  are  conducted  into  the  public  sewers, 
and  through  them  into  the  Seine,  nearly  opposite  the  Jardin  des  Plantes. 
They  thus  fall  into  the  river  at  the  very  commencement  of  its  course 
through  Paris,  and  pollute  its  waters  before  they  have  reached  the 
various  works  lower  down,  and  near  the  centre  of  the  city,  where  they 
are  raised  and  distributed  for  household  purposes,  for  the  supply  or' 
baths,  and  for  the  public  fountains. 

Before  quitting  Montfaucon  and  its  products,  I  may  mention  that 
a  plot  of  ground  adjoining  the  Voirie  is  set  apart  as  a  slaughtering- 
ground  for  horses,  and  as  a  place  of  deposit  for  the  carcasses  of  all  those 
dying  in  Paris.  The  late  M.  Parent  du  Chatelet,  to  whose  Reports  I 
am  indebted  for  many  of  the  preceding  particulars,  says,  "According  to 
the  report  of  the  women  who  skin  them,  it  appears  that  the  number  of 
these  carcasses  is  considerable,  since  tliey  have  sometimes  received  as 
many  as  500  a-week.  This,  however,  must  probably  be  looked  upon  as 
an  exceptional  case,  as  in  the  numerous  journeys  I  have  made  to  the 
Voirie,  I  have  never  counted  more  than  15  or  20  taken  in  in  the  course 
of  the  day." 

"  The  unburied  carcasses  of  these  animals  would  undoubtedly  produce 
disease,  were  it  not  that,  before  decomposition  can  take  place,  they  are 
devoured  entirely  by  rats.  These  animals  are  found  by  thousands  in 
this  place,  and  their  voracity  is  such,  that  I  have  often  kno\vn  them, 
during  a  single  night,  convert  into  skeletons  the  carcasses  of  20  horses 
which  had  been  brought  the  evening  before.  The  bones  are  burnt 
to  heat  the  coppers,  or  to  get  rid  of  them." 

Speaking  of  the  disgusting  practices  at  the  Voirie,  Mr.  Gisquet 
says,  "  I  have  seen  men  stark  naked,  passing  entire  days  in  the 
midst  of  the  basins  seeking  for  any  objects  of  value  they  might 
contain.  I  have  seen  others  fishing  for  the  rotten  fish  the  market 
inspectors  had  caused  to  be  thrown  into  the  basins.  Two  cartloads  oi 
spoilt  and  stinking  mackerel  were  thrown  into  the  largest  of  the  basins  ; 
two  hours  afterwards  all  the  fish  had  disappeared." 

The  emanations  from  the  Voirie  are,  as  may  well  be  supposed,  most 
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powerfully  offensive.  To  a  stranger  unaccustomed  to  the  atmosphere  Mr. 
surrounding  them,  it  would  be  almost  impossible  to  make  the  tour  of  the  "amni.;ii. 
basins  without  being  more  or  less  affected  with  a  disposition  to  nausea. 
Large  and  numerous  bubbles  of  gas  are  seen  constantly  and  rapidly  rising 
from  a  lake  of  urine  and  water,  while  evaporation  of  the  most  foul 
description  is  going  on  from  many  acres  of  surrounding  ground  upon 
which  the  solid  matter  is  spread  out  to  dry.  Such  is  the  state  of 
fermentation  of  the  liquids  in  the  basins  that  their  temperature  is  said 
to  be  considerably  elevated. 

In  perfectly  calm  weather  these  disgusting  exhalations  spread  over  a 
wide  area  around  the  Voirie.  From  habit  the  inhabitants  of  the  neigh- 
bourhood may  disregard  them,  but  the  stranger  coming  from  Paris  will 
perceive  a  disagreeable  odour  before  or  immediately  after  he  has  passed 
the  Barrier.  A  fresh  breeze  will  carry  them  over  a  distance  of  many 
mileg,  and  when  blowing  from  a  northerly  direction,  the  foul  volume 
is  swept  by  it  entirely  across  Paris.  Under  peculiar  states  of  the 
atmosphere  its  presence  may  be  distinguished  at  the  opposite  extremitv 
of  the  city  ;  in  the  centre,  and  particularly  along^  the  quays,  it  is  at  such 
times  most  disgustingly  apparent ;  while  on  ine  Boulevards,  Bonne 
Nouvelle,  St.  Martin  du  Temple,  &c.,  it  prevails  in  intolerable  strength  ; 
there  it  penetrates  everywhere,  pervading  the  cafes,  the  theatres,  aud 
the  houses. 

M.  Parent  du  Chatelet  thus  describes  the  gigantic  nuisance  in  a 
report  to  the  Council  of  Health,  written  in  1833 : —  ^j, 

"  The  influences  of  this  Voirie  have  necessarily  increased  with  the 
quantity  of  matter  which  has  been  deposited  there.  At  the  present  time 
the  infectious  emanations  given  out  from  it  are  insupportable  at  all  seasons 
within  a  circumference  of  2,000  metres  (about  IJ  miles)  ;  and  the  winds 
carry  them  sometimes  with  all  their  intensity  to  a  distance  of  4,000 
metres,  and  evidence  collected  by  the  Commission  charged  to  ascertain 
tJie  extent  of  the  ravages  of  the  cholera  in  the  rural  communes,  shows 
that  certain  states  of  the  atmosphere,  rarely  occurring  it  is  true,  propa- 
gate them  even  to  a  distance  of  eight  French  miles  (nearly  five  English 
miles).  Can  it  be  otherwise  while  the  superficial  area  of  the  basins 
alone  is  32,800  metres  (39,228  square  yards),  without  including  12 
acres  occupied  by  the  dry  matter  and  the  knackers'  yard ;  and  while 
from  230  to  240  cubic  m.etres  of  matter  withdrawn  from  the  cesspools 
are  daily  deposited  there,  and  the  larger  part  of  the  carcasses  of  12,000 
horses,  and  of  from  25,000  to  30,000  small  animals  are  allowed  to  rot 
upon  the  ground." 

New  Voirie  at  Bondy.—Th.&  nuisance  was  foimd  to  be  so  excessive, 
and  people  exclaimed  so  loudly  against  it,  that  the  Commune  of  Paris' 
determmed  many  years  since  to  remove  the  Voirie  altogether  away 
from  the  vicinity  of  the  city.  With  this  view  they  caused  another  place 
of  deposit  to  be  formed  in  the  Forest  of  Bondy,  about  eight  miles  distant 
irorn  Pans.  This  consists  of  eight  basins,  placed  in  two  sets  of  four 
each  on  either  side  of  the  Canal  de  I'Ourcq,  and  each  set  arranged,  like 
those  of  Montfaucon,  one  above  the  other  in  the  manner  of  steps,  so  that 
the  liquids  may  fall  from  the  upper  to  the  lower  basins.  The  total  area 
ot  these  basins  is  95,680  square  yards  (80,000  square  m^;tres),  and 
their  collective  capacity  261,385  cubic  yards  (200,000  cubic  metres). 

c  2 
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For  reasons,  however,  which  will  appear  presently,  the  intention  with 
which  this  new  Voirie  was  established,  namely,  as  a  substitute  for  that  of 
Montfaucon,  has  been  but  partially  realized.  The  contents  of  the  move- 
able cesspools  only,  averaj?in<?  a  little  over  30,000  cubic  metres  annually, 
have  been  hitherto  deposited  in  it.  The  moveable  cesspools  are  first 
taken  to  a  wharf  on  the  Canal  de  I'Ourcq  at  Pantin,  where  they  are 
placed  on  board  a  boat  for  conveyance  to  the  basins.  The  empty  casks 
are  brought  back  by  the  same  channel. 

The  quantity  of  matter  yet  sent  has  not  been  sufficient  to  fill  the 
basins ;  there  has  been  no  necessity  for  draining  off  any  excess  of  liquid. 
Should,  however,  the  entire  produce  of  the  cesspools  of  Paris  be  ulti- 
mately sent  thither,  the  daily  addition  would  speedily  fiill  the  basins. 
It  is  then  intended  to  get  rid  of  the  surplus  liquids  by  discharging  them 
through  a  pipe  into  the  Seine,  near  St.  Denis. 

The  truth,  however,  appears  to  be  that  the  establishment  of  these  basins 
in  the  Forest  of  Bondy  was  undertaken  without  any  very  definite  notions 
as  to  the  mode  by  which  the  faecal  matter  was  to  be  conveyed  to  them. 
The  Canal  de  I'Ourcq  offered  a  ready  though  costly  means  of  transport 
during  the  greater  part  of  the  year,  but  in  winter  communication  by  this 
channel  is  liable  to  be  entirely  closed  by  frost.  In  1834,  about  20,000 
cubic  metres  were  sent  by  canal  to  Bondy  at  a  cost  to  the  adminis- 
tration of  36,000  francs  (1,440/.  sterling). 

Amongst  other  plans  for  obviating  this  acknowledged  difficulty,  a  rail- 
way along  the  bisnk  of  the  canal  was  projected,  as  presenting  a  channel 
of  communication  open  with  certainty  at  all  seasons  ;  but  the  idea  was 
abandoned,  I  believe,  chiefly  on  the  ground  of  expense. 

M.  Mary,  the  able  engineer  to  the  city  of  Paris,  proposed  another 
plan  for  the  conveyance  of  the  matter  to  Bondy,  which  after  having 
undergone  a  good  deal  of  discussion,  has  been  adopted  by  the  adminis- 
tration. His  plan  has  two  features  almost  distinct :  it  provides,  in  the 
first  place,  depositing  tanks,  adjoining  the  Canal  de  I'Ourcq,  at  Pantin. 
These  tanks  are  27  in  number,  and  are  arranged  in  3  parallel  sets  of 
9  each.  They  are  constructed  in  masonry  and  arched  over,  their 
tipper  surface  being  level  with  the  ground,  and  they  all  communicate 
with  one  common  exit  pipe.  Their  collective  capacity  is  3,134  cubic 
yards  (2,400  cubic  metres).  Each  tank  is  provided  with  an  apparatus 
which,  after  the  solid  portion  of  the  matter  discharged  into  it  has  depo- 
sited itself,  permits  the  fluid  to  be  drawn  or  strained  oflf; — 

The  set  of  depositing  tanks  communicate  by  means  of  a  pipe  lOfth. 
inches  (27  centimetres)  in  diameter,  and  about  6  miles  long,  with  the 
basins  at  Bondy.  The  pipe  is  made  of  rolled  galvinized  iron,  about 
-^ih.  of  an  inch  thick,  covered  externally  with  bitumen  and  lined  with 
pitch.  It  is  laid  on  an  inclination  upwards  from  the  tanks  to  the  basins. 

M.  Mary  proposes,  first,  to  discharge  the  matter  extracted  from  the 
cesspools  into  the  tanks,  where  it  is  to  be  allowed  time  for  deposit ;  and 
when  the  solid  portion  shall  have  fallen  to  the  bottom,  the  fluid  is  to  be 
drawn  ofi"  and  forced  by  steam  power,  (a  25-horse  engine  having  been 
erected  for  the  purpose,)  through  the  pipe  into  the  basins  at  Bondy.  The 
naif-solid  mass  remaining  is  then  to  be  raised  from  the  tanks,  by  hand- 
pumps  or  other  means,  into  casks,  each  containing  two  cubic  metres, 
and  conveyed  to  the  basins,  as  hitherto,  by  canal. 

As  far  as  I  could  learn,  this  plan  has  not  been  adopted  on  the  suppo- 
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ff  ^fl"  51^"^  I'T  P^''^^"  "^'^^^'^  '"^"^^       b«  suspension  in  Mr 

he  fluid  through  the  pipe  n,to  the  basins  at  Bondy  ;  the  anticipations  on 
this  point  appear  to  be  very  moderate.  Still,  with  matter  of  an  avera-e  ~~ 
consistency,  as  before  stated,  of  one  of  solid  to  four  of  liquid  it  is 
pretty  certain  that  (without  dilution)  the  whole  quantity  cannot  be  ms 
disposed  of  The  plan  then,  in  its  present  form  does  not  en.kdy 
obvmte  the  objection  before  mentioned,  as  appertaining  to  conveyance 
by  canal;  the  transit  of  the  matter  in  wintel-  being  still  liable T  be 
stopped  by  frost.  Under  these  arrangements,  apprehension  of  .^p 
mconvenience  which  would  result  from  such  an  occu?  ence  wiU  harSv 
yet  permit  the  abolition  of  the  Voirie  of  Montfaucon.  ^ 

experiments  have  been  made  with  a  view  to  arnv^^^^^^^^^^  and  many 
arresting  or  reducin"-  the  pvi'I     Ai.^     u  some  plan  for 

magnitude  of  a  now  admitted  evil,  and  of  the  di^fficnltv  of  f 

aad  water  supply  ™u..  necessarily  Tnla" 
fro:i8^Srr.;:fer„V«t:'r'  '^^  '"--^  place 

In  1810  the  total  quantity  of  matter  deposited  in''"'" 

T  'J^,","™' Montfaucon  amounted  to  ^  ,„ 

In  18H  the  quantity  was  •     .     .  50,151 

In  1812    .    49,545 

  49,235 

Giving  an  average  for  the  three  years  of 

lZT:l''     ""'r  ^""=''>      Presen   conveyed  ^'"^ 
lo.Momfaucon  and  Bondy  amo™ts,  accordinrto 

to  ?00  cubie''7<f  °^  aulhority),  to  from  600 

numbers  an  »nn    ,  ™"<1 
andshowiS^anCrea"™^^^^^^^  •,•     '  -230,000; 

In  1835  the  pX  „   Pol         /?  T'' """'''^^  P« 
'".-ther  a  Commi        f„  !o"  'sWcrttif  Lr  1"'  -""^ 
removal  of  the  Koine  of  MonZcon     j'"^^"'-      fonnexion  with  the 
";™l«rs  of  the  Commission  MM  f,l/      ^'P.?"  »P  certain 

CbateK  the  principal  cSlXi^  t;:,n;e^^^^^^^^^^^^  °f 

-ti/ii!  ;x;:rjreitriV"  f  F^-'™  "f  t^oo.s  hy  . 

P'^va„ed  almost-universdry  befor'efis^i'c'v'entr"'  ""^  ^"''^ 
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Mr.-        2.  The  more  common  use  of  water-closets,  constructed  after  the 
HiimmeU.  English  principle,  which  require  water  to  keep  them  clear,  and  the 
greater  quantity  of  water  at  command  by  reason  of  the  pipes  of  the 

Canal  de  I'Ourcq. 

3.  The  increased  use  of  baths  in  private  houses,  in  consequence  of 
the  more  moderate  price  at  which  they  are  supplied. 

The  Report  states, — 

"  The  expense  of  emptying  the  cesspools  has  increased  for  some 
years  past  in  a  remarkable  manner,  and  everything  proves  that  it  will 
increase  more  and  more  without  its  being  possible  to  assign  a  limit 

where  it  will  stop.  a  a  \  \ 

"  In  large  mansions,  where  numerous  servants  are  kept,  we  hnd  already 
foreshadowed  the  future  state  of  the  cesspools  generally.  It  is  not  at 
present  as  formerly,  every  lour  or  five  years  that  the  cesspools  of  these 
houses  are  emptied,  now  the  operation  is  performed  two  or  three  times 
in  the  course  of  a  single  year,  and  in  some  of  them  the  liquids  form  nme- 
tenths  of  the  matter  extracted."  , 

And  further,  referring  to  its  effect  upon  the  water  supply  :—  Ihi^ 
city  now  possesses  an  immense  mass  of  water  which  she  might,  in  a 
short  time,  distribute  throughout  every  quarter  and  in  every  house.   1  he 
works  necessary  for  this  distribution  are  upon  an  admirable  scale,  but 
do  people  apply  to  have  the  water  laid  on  to  their  houses  in  proportion 
as  the  pipes  are  extended?    Certainly  not,  and  one  may  well  be  sur 
prised  at  the  apparent  indifference  and  apathy  shown  by  the  landlorc  . 
in  this  respect.'  'some  persons  take  advantage  of  this  ^^'^^^f^^^^^^ 
prove  that  seven  litres  (6^  quarts  nearly)  of  water  are  sufficient  for  the 
daily  consumption  of  the  inhabitants  of  Paris,  while  ^^^^y  htres  are  foun^^ 
necessary  in  London  and  more  still  in  Edmburgh.    But  if  we  examine 
more  closely  this  indifference  of  the  landlords,  we  shall  perceive  that  , 
t  the  result  of  prudence,  and  that  it  proceeds  from  strictly  accurate 
calculation.     The  landlords,  in   fact,   regard   the.r  cessFols   wi  h 
consternation ;  the  idea  of  an  approaching  -'^^'"'Oe,'^'^^^ 
This  operation,  and  the  expense  that  it  occasions,  often  influence  the 
money  value  of  house  property.    Is  it  likely  then  that  in  this  disposition 
they  should  beiiiduced  to  subscribe  to  the  water-works  wh  - 
the  inevitable  result  will  be  to  increase  the  number  of  the  operatio  - 
which  they  most  dread,  and  to  augment  their  expenses  in  an  enormou. 
lopor  ion  ?  Thus,  the  actual  state  of  our  cesspools,  and  the  mode  o 
emptying  them  110^  in  use,  are  in  our  view  of  the  case  the  princ.pa 
crusel  which  hinder  private  person  from  laying  on  water  to  ^  hou-^ 
and  which  delay  the  period  when  the  city  may  receive  tte  jnf  ^'^ 
enormous  sums  which  it  has  devoted,  and  continues  daily  todevo.e, 
nhtiin  and  complete  a  system  of  water  supply.         „  „   .  j"  -.i 

In  fine,  the  Commission  seems  to  have  been  very  <^^jlyj"^P^^f  ^^.^/^^  1 
the  absolute  necessity  of  disposing  of  the  liquui  part  of  the  matter  foum  I 
in  the  cesspools  by  some  less  expensive  method  than  that  ot  transp. 

"E'~exTeritntsit  appears  they  arrive  at  the  conclusion 
"  that  50  parts  of  water  are  sufficient,  beinp:  mixed  with  it,  to  dest  . 
that  au  pari!»  u  \\n,,\A^  found  in  the  apparatus  of  a  moveab 

■         '"1  l°d"ZuOO  P  X  s'  «e  -ScLt  .0  cJs^  the  smell  totally  : 
I7;;eaV:"  a*d*erit:  their  optnioo  that  these  m.ed 
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four  or  five  times  their  quantity  of  water,  might  be  discharged  into  the  Mr. 
open  gutters  of  the  pubHc  streets  with  less  offensive  effect  than  the  house-  ^^'^eli. 
hold  waters,  and  those  of  a  great  number  of  manufactories  which  now 
flow  upon  it. 

And  after  weighing  the  respective  advantages  offered  by  the  various 
inventions  for  separating  the  solid  portion  of  these  matters  from  the  liquid, 
the  Commission  recommend,  that  when  a  proprietor  should  have  caused 
the  water  of  the  Canal  de  I'Ourcq  to  be  laid  on  to  his  house,  he  should 
have  permission  accorded  him  so  to  discharge  into  the  public  street  the 
liquid  contents  of  his  cesspool,  separated  from  the  solid  by  a  strainino- 
apparatus,  the  proprietor  taking  care  to  mix  with  them  a  sufficien't 
quantity  of  water  to  neutralize  their  disagreeable  qualities. 

In  considering  this  recommendation,  it  must  be  remembered  that  the 
principal  streets  of  Paris  only  are  provided  with  sewers,  and  that  in 
many  cases  these  liquids  would  have  to  flow  over  several  hundred  feet 
of  shallow  gutter  before  arriving  at  the  nearest  gully.  The  effect  of 
carrying  it  out  may  then  be  conceived.  Every  house  pouring  fourth  its 
stream  ot  diluted  privy  liquid,  to  spread  and  evaporate  over  so  vast  a 
surface.  Notwithstanding  the  opinion  of  the  Commissioners,  one  may 
safely  assert,  that  no  practicable  addition  of  water  could  smother  the 
offensive  gases,  or  prevent  their  escape  into  the  atmosphere.  The  evil 
therefore  would  not  be  destroyed,  but  merely  disguised. 

With  regard  to  the  disposal  of  the  solid  matters,  the  Commissioners 
recommend  the  adoption  of  a  process  of  disinfection,  which  should 
render  Its  manufacture  \nio poiidrette  less  offensive  and  insalubrious,  and 
upon  the  realization  of  this  project  they  further  recommend  the  complete 
suppression  of  the  existing  Voirie.  ^ 
The  disinfecting  property  oF  carbon  has  long  been  acknowledged 
and  It  appears  that  some  years  ago  M.  Salmon  made  some  experiments 
upon  a  mass  of  mud.  being  the  deposit  from  a  sewer  on  the  banks  of  the 
heme,  which  containing  a  considerable  quantity  of  organic  matter  he 
carbonized.    "  A  factory  was  soon  established  to  carry  on  further opera- 

.TJ  a  ^^^^  y'^''^  P^'*  quantities  of  nigh  -soil, 

collected  in  all  the  villages  round  Paris  and  in  Paris  itself,  have  been 
dried  and  disinfected  in  this  manner." 

nf  M  V?"'^  '^'f  above-named  Commission  states  The  discovery 
wh.  ;m  r°",  ^^^^7^*1  attention  of  the  contractors  of  Montfaucon, 
who  employed  one  ot  our  most  skilful  chemists  to  find  for  them  a  means 

n  ter  m'V*'""  '^■'^^  '"^^^^^^        Salmon  had  taken  ou'  a 

and  fL  <^  — "^""^  "^^''^  P"'''°"«  "^^de  similar  researches, 

and  f  om  t lieir  jomt  investigations  it  resulted  that  disinfection  mi^ht  be 
<^ially  wel  produced  with  turf  ashes,  with  carbonized  turf,  .^  f  with 

c^ ^ml  ht t"'       ".7  ^"^^^^"^^  ^        ^hat  the  slme 

lan  yards,  with  garden  mould,  so  abundant  in  the  environs  of  Pari. 

Swn'lwT"^  ^  ----  experim"  t  has  ev  n 

was  nnu  ""^^'"^  ^'^^  ^  ^1 W  earth  a  portion  of  faecal  matter  Tt 

San^' lo'deT'V  '''""tT         --'-'^'o  obtain  a  perfect  d  sin 
i«fee  1  rter  hnt      "'^  had  already  indicated  this  resiit,  for  what 
In  ho     t  wt  F  'T.r"\^  of  vegetable  and  animal  n.atters  ?" 

y  Jt-en  earned  on  to  a  considerable  extent  by  the  above- 
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linmmeu    ^^^^^  proccss,  and  the  commission  of  1835  recommended  the  still  further 

'  —  '  application  of  the  principle.    The  Report  states : — 

"  The  first  thing  to  be  done,  should  be  to  obtain  a  modification  of  the 
manner  in  which  the  manufactories  of  poudrette  are  classified.  In  the 
first  class  should  be  placed  those  manufactories  working  by  the  methods 
in  common  use,  and  in  the  second  class  those  which  employ  less  offensive 
means. 

*'  This  modification  obtained,  the  administration  might  declare  that 
the  working  and  the  preparation  of  the  matters,  the  produce  of  the  cess- 
pools by  means  not  insalubrious,  re-entered  in  the  domain  of  public 
industry,  and  that  any  one  would  be  free  to  take  to  it,  upon  conforming 
to  the  regulations  which  it  might  be  thought  proper  to  impose,  according 
to  the  particular  conditions  of  each  locality. 

"  The  inevitable  result  of  this  declaration  would  be  the  creation  in  the 
environs  of  Paris  of  10,  15,  or  20  spots  destined  to  these  sort  of  prepa- 
rations, an  inestimable  advantage,  not  only  as  regards  the  economy  of 
transport,  but  even  in  a  greater  degree  as  respects  the  public  health  ; 
for  even  supposing  that  which  appears  to  us  impossible,  that  some  bad 
smells  emanated  from  these  estabhshraents,  they  would  always  be  in 
such  small  volume  that  they  would  hardly  pass  beyond  the  gates. 

In  another  report  by  M,  Parent  du  Chatelet,  he  thus  describes  the 
particular  process  of  disinfection  ; — 

"  Before  the  Commissioners,  MM.  Salmon,  Payen,  and  Company, 
caused  two  pails  full  of  the  liquid  matters  of  the  cesspools  to  be  poured 
into  a  vessel  ;  they  threw  upon  these  matters  an  absorbent  carbonized 
powder,  and  in  the  space  of  two  minutes,  watch  in  hand,  the  disinfec- 
tion was  so  complete  that  the  Commissioners  could  take  handfulls  of  this 
new  substance,  place  it  to  the  nose,  and  only  distinguish  a  slight  ammo- 
niacal  smell,  fresh,  and  without  the  least  trace  of  animal  matter.  So 
prompt  and  complete  was  the  operation,  even  the  hands  of  the  workman 
who  had  mixed  and  stirred  the  composition  were  free  from  smell. 

"  The  Commissioners  caused  the  experiments  to  be  repeated  upon  a 
whole  tub  full  of  faecal  matter,  and  in  the  space  of  five  minutes  the  re- 
sults were  as  satisfactory  as  in  the  experiment  on  the  small  scale." 

"  So  powerful  is  the  disinfectant  property  of  this  substance,  that  it 
will  destroy  the  stench  arising  from  putrid  entrails  as  easily  as  that 
given  off  by  faecal  matters.  The  Commissioners  have  witnessed  this 
on  several  occasions  with  much  surprise." 

M.  Paulet  states : — 

"  The  excretions  are,  by  these  means,  so  perfectly  disinfected,  that 
M.  Darcet  placed  some  of  the  powder  resulting  from  the  process  in  a 
China  saucer,  and  caused  it  to  be  handed  about  one  evening  in  his  salon 
in  the  midst  of  a  numerous  society,  giving  it  out  for  a  certain  mineral. 
Great  was  the  surprise  of  his  guests  when  he  informed  them  afterwards 
what  was  the  real  nature  of  the  pretended  mineral." 

The  Commissioners  are  completely  silent  upon  so  important  a  point 
as  the  cost  of  carrying  out  the  new  system  they  propose,  which  there 
can  be  no  doubt  from  the  large  proportion  of  the  carbonised  material 
requisite  to  produce  complete  disinfection,  would,  in  transport  alone, 
be  very  considerable.  . 

Notwithstanding  all  their  investigations,  experiments,  and  strong 
recommendations,^  the  new  project  has  been  carried  out  to  a  very  limited 
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extent.    The  last  of  these  reports  was  written  so  far  back  aS  1835,  and  Mr. 
the  great  bulk  of  the  solid  produce  of  the  cesspools  of  Paris  contained  ' 
within  the  barriers  is  still  conveyed  to  Montfaucon  as  described  in  a 
former  part  of  this  paper,  where  it  is  manufactured  into  poudrette  in  the 
manner  practised  at  that  time,  and  which  had  been  practised  for  ages 
before. 

Expense  of  the  Cesspool  System  compared  with  that  of  Tubular  Drain- 
age.— I  shall  now  endeavour  to  calculate  the  cost  of  the  cesspool  system, 
as  carried  out  in  Paris,  and  the  annual  expense  of  it,  per  head  of  popula- 
tion. I  shall  then  compare  the  expense  of  this  system  with  the 
estimated  expense  of  a  system  of  tubular  drainage ;  and  afterwards 
very  cursorily  consider  the  advantages,  in  an  economical  point  of  view, 
of  substituting,  in  Paris,  the  latter  system  of  drainage  for  the  cesspool 
system  at  present  in  operation. 

The  first  point  to  determine,  in  making  these  calculations,  is  the  actual 
cost  of  the  working  of  the  present  cesspool  system  in  Paris. 

The  daily  quantity  of  matter  at  present  withdrawn  from  the  cesspools 
is,  as  before  stated,  between  600  and  700  cubic  metres  ;  givmg,  in  round 
numbers,  the  annual  quantity  of  230,000  cubic  metres.  The  average 
charge  per  cubic  metre  for  extraction  and  transport  is  9  francs,  giving 
a  gross  annual  charge  of  2,070,000  francs  (82,800ir.  sterling),  which 
sum,  it  would  appear,  is  paid  every  year  by  the  house-proprietors  of 
Paris  for  the  extraction  of  the  matter  from  their  cesspools,  and.  its 
transport  to  the  Voirie. 

Dividing  this  annual  quantity  of  230,000  cubic  metres  by  the  number 
of  the  population  of  Paris  (945,721  individuals  according  to  the  last  cen- 
sus), we  have  243  litres  only  as  the  armual  produce  from  each  individual. 
The  daily  quantity  of  matter  (including  water)  passing  from  each  person 
into  the  cesspool  has  been  before  stated  to  be  li  litres  (3*08  pints),  or 
638  litres  annually.  The  discrepancy  between  these  two  quantities,  wide 
as  it  is,  must  be  accounted  for  by  the  fact  of  a  large  proportion  of  the 
lower  orders  in  Paris  rarely  or  ever  using  any  privy  at  all,  and  by 
allowing  for  the  small  quantity  of  water  made  use  of  in  the  privies  of 
the  inferior  class  of  houses.  There  can  be  no  doubt  that  this  latter 
quantity  of  1|  litres  daily  is  very  nearly  correct,  and  not  above  the 
average  in  houses  where  a  moderate  degree  of  cleanliness  is  observed. 
This  proportion  was  ascertained  to  hold  in  the  case  of  some  barracks  in 
Paris,  where  the  contents  of  the  cesspools  were  accurately  measured, 
the  total  quantity  divided  by  the  number  of  men  occupying  the  barracks) 
and  the  quotient  by  the  number  of  days  since  the  cesspools  had  been 
last  emptied;  the  result  showing  a  daily  quantity  of  1|  litres  from  each 
individual.  The  correctness  of  this  estimate  too  has  been  confirmed, 
as  M.  Heloin  assured  me,  by  the  experience  of  the  Compagnie  Richer  in 
the  case  of  private  houses. 

The  average  cost  of  construction  of  each  cesspool,  it  has  been  already 
stated,  cannot  be  estimated  at  less  than        sterling.    It  is  common 
however,  in  Paris  for  a  single  house  to  have  two  or  three  cesspools! 
p  aced  to  smt  local  convenience,  in  different  parts  of  the  premises. 
^>upposmg  the  average  to  each  house  not  to  exceed  one  and  a-half, 

canit  1    r  oi;  "^'"'P^^^  ^^^^l'"?'        shall  have  a 

capital  of  27/.  sterling  per  house  sunk  in  works  of  construction  of 
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cesspools.  The  average  number  of  inmates  per  house  in  Paris  is  24 
persons. 

Adopting  these  calculations  of  the  number  of  cesspools  to  eacli 
house  and  their  cost,  and  allowing  only  the  small  quantity  of  If  litres 
(3-08  pmts)  of  matter  to  each  individual,  the  annual  expense  of  the  cess- 
pool system  in  Paris  per  house  containing  24  persons  will  be :  for 
interest,  at  five  per  cent,  upon  capital  sunk  in  works  of  construction, 
ILls.;  for  extraction  and  removal  of  matter,  5/.  Us.;  total,  6^.  18*.; 
the  aiinual  expense  per  inhabitant  will  be  5*.  <dd. 

This  latter,  then,  may  be  taken  as  the  average  yearly  sum  per  head 
actually  paid  by  that  portion  of  the  inhabitants  of  Paris  who  use  the 
cesspools.  We  will  now  turn  to  consider  the  estimated  cost  of  the 
system  of  tubular  drainage  applied  to  a  middle  class  house  in  London. 

Upon  the  basis  of  the  estimates  given  in  the  First  Report  of  the  Metro- 
politan Sanitary  Commissioners,  the  cost  for  works  of  construction  of  a 
tubular  system  of  refuse  drainage  may  be  set  down  at  the  rate  of 
AL  3*.  per  house  of  eight  inhabitants.  This  estimate  includes  not  only 
the  house-drains,  but  also  a  fair  share  of  the  public  sewers  necessary 
for  the  conveyance  of  the  refuse  matter  away  from  the  habitation,  to  a 
distant  outfall,  and  is  intended  to  represent  the  whole  cost  of  the  system, 
to  an  ordinary  middle  class  house,  containing  eight  inhabitants.'  The 
total  annual  cost  of  the  system  then  will  be  comprised  in  the  interest 
upon  capital  sunk  in  works,  which,  at  5  per  cent.,  will  amount  to 
4*.  2d.  per  house,  or  &ld.  per  inhabitant,  being  less  than  one-tenth  part 
of  the  charge  per  inhabitant  entailed  by  the  cesspool  system  according 
to  the  preceding  calculation.  It  should  be  observed,  however,  that  in 
the  case  of  houses  situated  in  low  districts,  where,  in  order  to  effect 
the  discharge  of  the  refuse  at  a  sufficient  distance  from  the  site  of  the 
city,  it  would  be  necessary  to  pump  it  up  by  engine-power,  an  ad- 
ditional charge,  amply  covered  by  a  rough  estimate  of  2s.  per  house, 
must  be  reckoned  upon.  But  even  allowing  the  extra  charge  for 
pumping,  a  very  considerable  pecuniary  balance,  amounting  to  several 
hundreds  per  cent,  would  be  found  to  be  due  to  the  tubular  over  the 
cesspool  system. 

In  order  to  test  the  accuracy  of  these  estimates  I  will  now  refer  to 
evidence  recently  given  before  theBoard  of  Health,  by  three  of  the  officers 
of  the  Metropolitan  Commissioners  of  Sewers,  who  may  be  supposed 
to  have  had  the  greatest  practical  experience  on  the  subject. 

Mr.  Lovick,  the  Surveyor  for  the  Westminster  District,  gives  the 
case  of  a  block  of  nearly  1,200  houses,  of  "  a  medium  middle  class,"  in 
and  near  Earl-street,  and  he  estimates  the  entire  cost,  public  and  priv- 
ate, of  a  system  of  tubular  drainage,  including  water-closet  pan,  &c., 
at  about  Al.  8*.  per  house. 

Mr.  Grant,  the  Surveyor  for  the  Surrey  and  Kent  District,  states,  in  the 
case  of  a  block  of  44  houses,  of  about  15/.  rental,  the  estimated  cost  of 
tubular  drainage,  exclusive  of  pans,  traps,  &c.,  at  1/.  18^.  per  house; 
in  another  case  of  a  block  of  23  houses,  at  1/.  19*.  Sd.  per  house ;  in 
another  block  of  46  houses,  at  \l.  8*.  9frf.  per  house;  and  in  a  fourth 
block  of  46  houses,  at  \l.  8s.  lO^d.  per  house. 

Mr.  Gotto,  Surveyor  for  the  Ilolborn  District,  in  the  case  of  a  block 
of  houses  of  the  inferior  class,  covering  an  area  of  about  9  acres,  and 
situate  in  Goulstone-street,  Whitecliopel,  estimates  the  whole  cost  of 


Economy  of  substituting  Pipe  Sewers  in  Paris.  27 


private  drainage,  including  the  fitting  up  of  existing  cesspools,  water- 
closet  with  stool  cock,  and  kitchen  and  yard  sinks  complete,  at 
3/.  2s.  9y..  per  house ;  and  the  proportion  of  the  expense  of  main  sewers 
at  \l.  9s,  6d.  per  house ;  making  a  total  of  41.  Us.  9d.  per  house.  Ex- 
clusive of  the  cost  of  filling  up  the  cesspools,  however,  the  cost  per 
house  would  be  for  private  drainage,  1/.  9s.  T^d.  per  house,  which, 
added  to  the  proportion  of  expense  of  public  sewers,  (II.  9s.}  would 
give  21.  ISs.  7^d.  per  house,  as  the  whole  expense  of  a  system  of 
tubular  drainage. 

These  cases,  coming  from  the  quarters  they  do,  will  I  think  be 
sufficiently  corroborative  of  the  liberality  of  the  estimate  upon  which  I 
have  argued  in  a  preceding  paragraph,  of  41.  3s.  6d.  per  house  of  an 
ordinary  class,  for  the  laying  down  of  a  system  of  tubular  drainage. 

Even  this,  however,  does  not  represent  the  full  difference  in  the 
expense  of  the  two  systems.  The  cesspool  does  not  receive  the  water 
that  has  been  used  for  cleansing  and  culinary  purposes,  nor  the  surface 
water  of  the  streets  and  houses,  and  sewers  and  drains  have  still  to  be 
provided  to  convey  away  this  portion  of  the  liquid  refuse.  While  with 
the  tubular  system  of  refuse  drainage,  the  same  channels  that  carry 
away  the  faecal  matter  from  the  houses  are  open  to  receive  the  fluids 
derived  from  the  other  sources  that  have  been  mentioned,  and  one 
outlay,  one  system  of  pipes,  one  staff  of  superintendents,  serve  for 
the  accomplishment  of  both  objects. 

Let  us  now  see  whether  the  tubular  system  of  drainage,  the 
abstract  superiority  of  which  I  will  suppose  to  be  admitted,  might  not 
even  at  this  time  be  applied  to  Paris,  not  only  without  inflicting  any- 
increased  charge  upon  the  inhabitants,  but  even  with  a  positive  saving 
to  them  of  a  considerable  portion  of  their  current  outlay  for  the  extrac- 
tion and  removal  of  the  contents  of  their  cesspools.  For  this  is  the 
only  point  of  view  in  which  the  comparison  may  be  instituted  with  any 
chance  of  a  practical  result,  in  the  case  of  a  town  already  fully  provi- 
ded with  a  system  of  cesspools,  however  vicious  and  inconvenient  that 
system  may  have  been  shown  to  be.  The  outlay  upon  works  of  con- 
struction having  already  been  undertaken  and  liq\iidated,  it  v^ould  not 
be  a  sufficient  inducement  to  the  people  of  Paris  to  adopt  a  new 
system,  to  tell  them  that  their  money  has  been  badly  expended,  and 
that,  for  a  less  sum,  they  might  now  construct  a  tubular  system  of 
drainage,  which  would  render  their  cesspools  unnecessary  for  the 
future.  In  advocating  a  change  of  system  to  practical  men,  we  must 
start  from  the  point  at  which  we  stand,  and  it  is  of  importance  to  show 
that  the  absolute  current  expenses  attaching  to  the  existing  system, 
might  be  made  sufficient  for  the  substitution  of  all  works  of  construc- 
tion necessary  for  the  improved  system,  as  well  as  all  annual  charges 
for  the  working  of  it;  and  if  in  addition  it  can  be  shown  that  a  balance 
will  then  absolutely  remain  in  hand  at  the  end  of  each  year  to  be 
carried  to  the  credit  of  the  new  system,  we  off'er  an  amount  of  induce- 
ment, both  in  increased  cleanliness  and  comfort,  and  in  pecuniary  gain, 
which  few  rational  men  would  refuse  to  listen  to. 

I  propose  now  to  show  (adopting  a  very  rough  estimate),  that  it 
yo\i\d  be  perfectly  feasible  to  establish  a  system  of  tubular  drainage 
in  Paris,  by  the  economical  use  of  an  annual  income,  much  under  the 
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iJLi.  at  present  expended  by  the  inhabitants  in  the  extraction  and 

—      removal  of  the  contents  of  their  cesspools. 

ovJr\'2})OoT^  '°  expended  in  Paris  is,  in  round  numbers. 

In  forming  an  estimate  of  the  probable  cost  of  laving  down  a  tubular 
system  of  dramage  in  Paris,  as  founded  upon  the  foregoing  estimates 
It  might  be  proper  to  bear  in  mind  a  fact  already  incidentally  referred 
to,  VIZ.,  that  as  the  houses  in  Paris  are  much  loftier  than  those  in  Lon- 
don,  and  the  average  number  of  inhabitants  to  each  much  greater,  the 
average  extent  of  mileage  of  any  sewers  or  drains  to  be  laid  down  for 
their  use  would  be  proportionably  less  per  head.  Accordingly,  we  find 
that  the  area  of  Paris  is  only  about  one-fourth  that  of  London;  or,  in 
proportion  to  population,  one-half.  The  force  of  this  position  would 
appear  to  be  so  obvious  that  it  seems  necessary  to  do  no  more  than 
make  a  very  casual  reference  to  it,  the  more  particularly,  as  in  the 
general  calculations  I  am  about  to  make,  I  do  not  intend  to  take 
advantage  of  it  for  the  purpose  of  reducing  the  estimate  of  cost  of  the 
application  of  the  proposed  system. 

I  shall  assume  then,  the  cost  for  works  of  construction  in  Paris,  where 
the  houses  average  24  inhabitants  each,  to  be  after  the  same  rate  per 
head  as  in  London,  where  the  houses  do  not  average  8  inhabitants  each ; 
namely,  about  10s.  Qd.  per  head,  or  12Z.  12*.  per  house.  This,  for  a  popu- 
lation of  a  million,  in  round  numbers,  would  give  a  gross  outlay  for 
works  of  construction  of  a  system  of  tubular  drainage  of  525,000/. ; 
or,  including  a  long  length  of  outfall  pipe,  say  of  600,000/. ;  the  annual 
interest  of  which,  at  5  per  cent,  would  be  30,000/.  Supposing  that 
in  the  case  of  one-third  of  Paris,  engine  power  would  be  required  for 
the  purpose  of  pumping  the  refuse,  an  additional  sum  of  5,000/.* 
(which  experience  would  show  to  be  more  than  ample)  may  be  allowed 
for  it.  Adding  to  this  5,000/.  for  charges  of  management,  the 
whole  annual  expense  of  removing,  by  means  of  a  system  of  tubular 
drainage,  the  refuse  of  Paris  beyond  the  boundaries  of  the  city 
to  a  spot  where  its  accumulation  would  not  create  a  nuisance, 
would  be  40,000/.,  which,  being  deducted  from  82,800/.,  the  actual  cost 
of  the  working  of  the  present  cesspool  system  (apart  from  the  cost  of 
works  of  construction)  would  leave  a  clear  balance  or  saving  of  more 
than  42,000/.  a-year. 

The  above  calculation  is  founded  upon  the  present  cost  of  the  working 
of  the  cesspool  system  in  Paris.  It  should  be  borne  in  mind,  how- 
ever, that  of  late  years  this  cost  has  been  constantly  on  the  increase 
(to  the  extent  of  nearly  400  per  cent,  in  the  last  36  years),  and  that 
there  is  every  probability  of  its  still  increasing,  without  any  assignable 
limit.  In  this  view  of  the  case,  the  saving  to  be  affected  by  a  timely 
application  of  the  tubular  system  becomes  proportionably  more  im- 
portant. As  an  additional  circumstance  tending  to  favour  the  adoption 
of  a  tubular  system  of  refuse  drainage  in  Paris,  it  should  be  borne  in 

*  I  suggest  this  item  of  expenditure  merely  to  be  on  the  safe  side;  though,  from  a 
general  observarioii  of  tlie  site  of  Paris,  I  think  it  more  than  probable  that  tlie  drainage 
of  even  the  lowest  parts  of  the  city  might  be  discliarged  at  a  point  down  the  valley  of 
the  Seine,  sufficiently  remote  for  sanitary  purposes,  by  natural  means  only.  Paris  has 
this  advantage  over  London,  that  it  is  placed  above  the  influence  of  the  tide. 
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mind  that  most  of  the  houses  are  already  provided  with  pans  upon  nearly  Mr 
every  floor,  and  with  the  pipes  necessary  for  conducting  the  matter 
below  the  basement ;  the  only  private  works  remaining  to  be  effected 
supposing  the  public  works  to  have  been  completed,  would  be  to  divert 
the  point  of  discharge  of  these  tubes  from  the  existing  cesspools  to 
the  main  arteries  of  the  system  of  drainage  so  laid  down  in  the  streets 
The  refuse  would  thus  on  the  instant  of  production  be  put  in  course  of 
conveyance  lo  a  distance  from  the  town,  at  the  rate  of  probably  about 
3  miles  per  houP,  mstead  of  stagnating  and  fermenting  as  at  present 
for  months  together,  until  removed  by  a  complicated,  laborious  costly 
and  oliensive  process.  •' 

Conclusions.— From  the  facts  detailed  in  the  above  description  of  the 
cesspool  system  of  Pans,  we  may  conclude,— 

1.  That  this  system  to  be  well  carried  out,  requires,  both  in  its 
works  of  construction  and  in  those  of  extraction  and  transport  of 
the  fecal  matter;  most  comprehensive  and  detailed  regulations 
involving  wide-extended  supervision,  and  constant,  mifute  and 
difficult  mspection,  to  ensure  their  observance 

2.  That  with  the  most  perfect  regulations  and  supervision,  and  the 
application  to  the  purpose  of  machines  construcled  upon  scient  fic 

P  °J  r  P'y^"f?  ^  ^^^«P«°1  a  nuisance 

not  only  to  the  inmates  of  the  house  to  which  it  belongs,  but  to 
hose  of  the  neighbourmg  houses,  and  to  persons  passing  in  the 
street;  and  that  a  place  of  deposit  being  necessary  for  ^he  mat- 
ter extracted,  the  system  unavoidably  entails  a  wide-spreadinl 
and  most  disgusting  public  nuisance  upon  some  point  or  othef 
of  the  environs  of  the  city  where  it  is  adopted.  ^ 
In  '^P"°'  presents  an  obstacle  to  the  proper  exten 

«f  the  water  supply,  and  consequently  represses  the 
growth  of  habits  of  personal  and  domestic  dean  inSfwTth  their 
immense  moral  results;  and  that  in  this  respect  i  marbe  said 
ofanVZruX^^^'  ^^^'^^  degree  of  civiliz^ationofth^emVs::' 
4.  That,  compared  with  a  tubular  sv«!t<>m  r-^c  j  • 
i.  i.  »n  exiedingly  expensive  ZdeTSspli^tTf  tTf^:', 

expense  .Lee  -iou^La^Sl-fL^UlernalClV" 

T.  W.  Rammell. 


Mr. 
Kauiiuell , 
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APPENDIX. 


NOTE  ON  THE  USE  OF  "POUDRETTE." 

In  connection  with  this  subjecf,  a  few  observations  upon  the  application  of  poudrette 
m  agricultural  procegges  may  not  be  without  interest. 

With  regard  to  the  fertilizing  properties  of  this  preparation,  M.*Maxime  Paulet,  in 
his  work  entitled  «  Theorie  et  Pratique  des  Engrais,"  gives  a  table  of  the  fertilizing 
qualities  ot  various  descriptions  of  manure,  the  value  of  each  being  determined  by  the 
quantity  of  nitrogen  it  contains.  Taking  for  a  standard  good  farm-yard  dung,  which 
contains  on  an  average  4  per  1,000  of  nitrogen,  and  assuming  that  1 0^00  kilogrammes 
(22,046  lbs.  English)  of  tins  manure  (containing  40  kilogrammes  of  nitrogen)  are 
necessary  to  manure  one  hectare  (2^  acres  nearly)  of  land,  the  quantities  of  poudrette 
and  of  some  other  animal  manures  required  to  produce  a  similar  eflect  would  be  as 

follows: —  --.1 

R-uogrammes. 

Good  farm-yard  dung,  the  quantity  usually  spread  upon  one 

hectare  of  land  10,000 

Equivalent  quantities  of  human  urine,  not  having  undergone 

fermentation      ....  5,600 
,j  „  poudrette  of  Monttaucon        .        .  2.550 

»  ))  mixed  human  excrements  (this  quan- 

tity I  have  calculated  from  data 
given  in  the  same  work)       .        .  1,333 
„  „  liquid  blood  of  the  abattoirs     .        .  1,333 

»  „  bones  650 

,}  „  average  of  guano  (two  specimens  are 

given)       ...        .        .  512 
9>  ,,  urine  of  the  public  urinals  in  fermenta- 

tion and  incompletely  dried         .  233 

Mr.  Paulet  estimates  the  loss  of  the  ammoiiiacal  products  contained  in  the  faecal  mat- 
ters when  they  are  withdrawn  from  the  cesspools,  by  the  time  they  have  been  ultimately 
reduced  into  poudrette  at  from  80  to  90  per  cent. 

I  have  not  been  able  to  meet  with  an  analysis  of  tlie  matters  found  in  the  fixed  and 
moveable  cesspools  of  Paris,  but  in  the  "  Cours  d'Agriculture,"  of  M.  le  Comte  de 
Gaspavin,  I  find  an  analysis  by  MM.  Payen  and  Boussingault  of  some  matter  taken 
from  the  cesspools  of  Lille,  and  in  the  state  in  which  it  is  ordinarily  used  in  the  suburbs 
of  that  city  as  manure.  This  matter  was  found  to  contain  on  the  average  0  •  205  per 
cent,  of  nitrogen,  and  thus  by  the  rule  observed  in  drawing  up  the  above  table,  19  -  512 
kilogrammes  of  it  would  be  necessai-y  to  produce  the  same  effect  upon  one  hectare  of 
land  as  the  other  manures  there  mentioned.  The  wide  difference  between  this  quantity 
and  that  (1,333  kilogrammes)  stated  for  the  mixed  human  excrements  in  their  un- 
diluted state,  would  lead  to  the  conclusion  that  a  very  large  proportion  of  water  was 
present  in  the  matter  sent  from  Lille,  unless  we  are  to  attribute  a  portion  of  the  differ- 
ence to  the  accidental  circumstance  of  the  bad  quality  of  this  matter.  It  appears  that 
this  is  very  variable,  according  to  the  style  of  living  of  the  persons  producing  it. 
"  Upon  this  subject,"  M.  Paulet  says,  "  the  case  of  an  agriculturist  in  the  neighbour- 
hood of  Paris  is  cited,  who  bought  the  contents  of  the  cesspools  of  one  of  the  fashionable 
restaurants  of  tlie  '  Palais  Royal.'  Making  a  profitable  sjjeculation  of  it,  he  purchased 
the  matter  of  the  cesspools  of  several  barracks.  This  bargain,  however,  resulted  in  a 
loss,  for  the  produce  from  this  last  matter  came  very  short  of  that  given  by  the  first." 

Poudrette  weighs  70  kilogrammes  the  hectolitre  (154  lbs.  per  22  gallons),  and  the 
quantity  usually  spread  upon  one  hectare  ot  land  (2^  acres  nearly)  is  1,750  kilogrammes, 
being  at  the  rate  of  about  1,540  lbs.  per  acre  English  measure.  It  is  cast  upon  the  land 
by  the  iiand,  in  the  manner  that  corn  is  sown. 

M.  de  Gasparin  says,  "  Poudrette  gives  great  activity  to  vegetation,  but  its  effects  are 
soon  exhausted,  and  it  is  thought  that  sometimes  tliey  are  not  prolonged  even  to  tlie 
period  of  fructification  of  farinaceous  plants.  It  promotes  great  vigour  in  herbage,  Init 
it  is  said  to  communicate  a  flavour  to  it  which  is  distasteful  to  cattle.    It  is  for  this 
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reason  also  that  gardeners  refuse  to  employ  manures  of  (his  class,  which  emit  in  a  short 
space  of  time  large  quantities  of  ammoniacal  vapours  to  be  absorbed  and  retained  by 
the  leaves."  Poudrette  is  not  applied  to  the  market  gardens  or  in  agriculture  in  the 
immediate  vicinity  of  Paris,  nor  within  a  circle  of  four  or  five  leagues  around  it.  Be- 
sides the  reason  stated  by  M.  de  Gasparin  as  inducing  gardeners  to  reject  it,  it  is  of  too 
heating  a  nature  to  suit  the  light,  dry,  calcareous  soil  of  this  district— and  even  if  its 
qualities  accorded  well  with  the  soil,  it  could  not  be  supplied  at  a  price  to  enable  it  to 
compete  with  the  stable  manure  furnished  in  such  enormous  quantities  by  the  city,  in 
addition  to  its  other  refuse  which  is  valuable  as  manure.  I  am  informed  that  the  cold 
clay  soils  derive  much  advantage  from  poudrette. 

_  Poudrette  packed,  in  sacks  very  soon  destroys  them.  This  is  always  the  case,  whether 
it  13  old  or  has  been  newly  prepared. 

A  serious  accident  occurred  in  IS  18,  on  board  a  vessel  named  tlie  "Arthur  "  which 
saded  from  Rouen  with  a  cargo  of  poudrette  for  Guadaloupe.  During  the'voya-e  a 
disease  broke  out  on  board  which  carried  off  half  the  crew,  and  left  the  remainder  hi  a 
deplorable  state  of  health  when  they  reached  their  destination.  It  attacked  also  the 
men  who  landed  the  cargo ;  they  all  suffered  in  a  greater  or  less  degree.  The  poudrette 
was  proved  to  have  been  shipped  during  a  wet  season,  and  to  have  been  exposed  before 
and  during  shipment  m  a  manner  to  allow  it  to  absorb  a  considerable  quantity  of  mois- 
ture.   The  accident  appears  to  have  been  due  to  the  subsequent  fermentation  of  the 

\fti;:;':^tli^  ^"^^-^^ 

cn^^H  ^^'■^"^'^'^  Chatelet  to  whom  the  matter  was  referred,  recommended  that,  to 
guard  agains  similar  accidents  in  future,  the  poudrette  intended  for  exportation  in 
ZX\  "  ^"Tr      '"'r]^  of  humidity,  should  be  mixed  with  an  absorbent  powde 
dutg      voji'e!'  "  P''^'"' 
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435 .  6 

432  .  6 

440  .0 

133  .44 

445.3 

451 .  6 

Jpjxl. 

113  .6 

146 

.  6 

148  .0 

/2Z  .  0 

42+.  0 

423  .0 

433  .  0 

43$ .  9 

439  .0 

435  .Z 

44-Z  .  0 

450 .  9 

May. 

414-.  6 

1  lo 

a 

4ZI  .  C 

423  . 0 

428  .  0 

4ZS  .0 

433.0 

438  .  C 

446 . 6 

435 .44 

444  .0 

453  .  0 

113  .0 

416 

() 

14!)  .  6 

424-.  C 

430  .6 

m .  0 

437 .  0 

•  439  .  0 

442.9 

43d  .40 

44-1 .  0 

458 .  0 

July 

116 

113  .  3  . 

141 

■6 

420  .0 

4 to  .  6 

434  .  0 

430  .9 

438  .3 

439  .  6 

446.3 

446  .6 

453  . 0 

460 .  9 

August 

.  c 

113  .C 

Hit 

0 

420  .  C 

124.6 

42S  .0 

433  .0 

435.  6 

438  .  0 

4 14-.  3 

44-1 .0 

450  .  9 

163.6 

Septemier. 

146  .  C 

IIS  .  0 

441 

.0 

4ZI  .  6 

4Z4.3 

434  .0 

434-. 0 

434  6 

439  .0 

440  .3 

146.0 

454  .  0 

460  6 

October 

I  IS  0 

ll/i  C 

111 

.c 

424  .0 

4Z4-.0 

430  .6 

432  .  6 

439  .  6 

439  .6 

443  .6 

4^  .6 

458  .0 

JVcvcmbcr. 

414-  C 

111  .  6 

441 

.c 

420  .0 

424  .  0 

434  .0 

430  .6 

435.0 

438  .  3 

435.3 

44Z  .6 

44S.3 

459  .0 

DerxmbcT. 

113 

in  .P 

445 

.0 

449  .0 

4Z4  .6 

430  . 0 

43Z.0 

435 .  6 

431 .  0 

433.0 

446  .0 

441 .6 

455.  9 

n^poH  oftfu  6»un>/Boar,innfeM  or,  tA,  .si^plyof  li}^Urt.f/u  Mrt7rp,-l,. 


HYDRAULIC    EXPERIITIENTS.   TABLE    B.  I 

^  /low  of  tiettti^  iAivu^ft-  Glazed  sione  wan'  p^s  liad  m  ^€  £ari  Slrmt  Sem^. 
-^^'^^^^^r  of  pip^  2.2S  ^eti.jCen^  of  pipes  ^if  ^eC.^fnclmatwn  of  pipor  I  mlSS . 
-(^TKa  draJmjtff  uils  Seirer  45.6S6 Acres.-  Mouses  orbAmt  d/xuned  J3/S._  llofise^  cCmz/iai^  ifHo  Sewer  JJ36. 

Mfxoh  flow  due  Co&Uask  diuautge  mi^.  ' 


m       ji  iz 


HYDRAUUC    EXPERIMENTS,  TABLE  A. 

On  flow  ofScifa//i;  //imi^/i  (2a;i:d  j/n/ie  uwvj/ipr.?  Ijiioi  m  iJtc  Earl  Street  Saver. 
Diumeter  cf  pipes  1 -2S  feet.  _  Icnglh  of  pipes  115  fea_  Indmatim  of  pipes  ImlSS. 
Jreii  dmuungmti>Seiver43.ese  Acres.  JAu^ses  an  Aren  .dmaud  J31J.-  Houses  irainmi)  uiUSmeriaj. 
Shemjig  tfisipmJjcsi  tlmr  due  ^  Hi^iu-e  dramage.  mty 
JromlSI".- Rdnwry  ^I" March  ISiS. 


■upptyot  ituifi  IvtheMeOvpoUs. 


N?l. 


NfZ. 

Improved  Systc/rt'.as  art'Ct/M 


DRAINAGE  OF  COURTS, 
TOWER     HAMLETS  DISTRICT. 


VJ7- 


ORIENTAL  TERRACE,  POPLAR. 


BRICK  SEWERS. 


Thi  -/l0urts  an/  th»  ourrieL  tuw  indiftr^f  rht  relative'  prvpertiaru  oP iJia  forms ,  ! 
or  systems,  eonnecttA  hy  tiunt/i  tJieae  untter  MfJi  .'cr-Uoiudaute^^earaii-ai  .future- in^ei.  I 


lynprovccl/  form-  (mA  Jute^. 


HOUSE  DRAIN. 

.BrirJ:. 


GLAZED  PIPES. 

Improvedf  System/. 
(7rf  ejccai/rd  uvj)eccmher,i8ii8. 


I 


ftj^pcH  ..^iJkfjtuentl ihmiri of  ffetf/th  c/i  the  .\upplyof  Wal^tolhr  Me(rvpolis 


TUBULAR  SYSTEM  of  DRAINAGE. 
POPLAR  DISTRICT. 


PLANS    OF  UNITED    AND    S£PAIIAT£  DRAINAGE 
BY  4'"  i.  6'f  CLA2ED  STONE-WARE  PIPES. 


Ftw  ffni^pj'  17L  tJwliWt  Terr}' Itoati  J^cphtr,  .ihcyi'inff 
the  ^.stcni  vf'-vcrvitetl  bade Jhyana^e  fry  Uinch  Glazed.- 
Simi-~na/-e  jjipcs,  cxecatedm  October,  18^ . 


Fn  c  MoTue^s  in   Jliifh  Stixct  .  'oplar,  sbcmitff  flic 
S'vstan  oC  taulcd  hnrk  Dr'tuit.fiffc  ~hy 't  inch  {',lay.>d 
Htimje-wcLVe,  IH-pcs,  t'AxaUcd  ui  Sepiember,1iS'id . 


WEST      FERRY  ROAD 


AR£A  OF    PREMISES  ,  360C 

1  of  cmlrt  nuun    6  ttuOi  Pcpe 

M-a-tufc  defith  of'  Th^iftn^  -  S  iiet. 
TiicJf  nrr  Pans  to  llu-  Ctpaeta  and 
Jfcvii   £  Sinkj  ,  Jfie  Water-  ia  lend, 


Six  HfTwses  iTi  AUhcd  Stt-eet,  Voplm^,  jheks'ing  the 
System  pf-anrted  back  jyrixhnage  by  6~m£h  Gla^eA 
Sianc  ware  pipes,  cx^axteA  in,  September,  iSUl. 


HIGH  STREET 

AREA    OF    PREMISES, 24O0 

Jnelinatim  li'  ii  indi  DruuLi  -  i'k  huhra  m  Jirt 
JJterc  arr  Paru  io  tlie  Gosclit,  S-  tviinrduma  ■frcmr  'the- 
'SrrAr.  The  Wattr  U  laid  m.. 


5. 

Four  Honaca  m  Dawson's  Alley.  Alfred  S(  Pci>lar, 
sheiyinff  the^  System  crxauied.  baik.DTainaqi-  bv  Gircch 
/ptpe.£:  JnziOi,  hranch  Glared-  storw  warc  yipv.'-.  ■.m.euted 
I '  xn.  Wovembei;  J8U^ 


HUI  I  Mil 


ALFRED  STREET 


DAWSON S 


AREA    OF  PREMISES, 


AREA    OF  PRCMfSES    ZS20  FT 


•JO  rr  I 


hichnnli.  n  cT  G  m^7^  Pipe  -  /  tiuA         10  /f«t 
Avn-npt  .trpth  i-r  diiimna  ~  5  fiet 

J'rtvit.s  III  ilir  ia/yit ;  (hci-c  tire  rw  paru  to  the  Pritiej.  The 
WitUt'  M  tntil  vn  tf  the  Bmtci,  Imt  /urt  wOiePnvLcti. 


iiAinaUtm  of  6  tneh  Main  Jkpi 
'Wa-au.  ilcpth  cf  T}itiiirnp  -  6  ice/ 
jpifV  arm  oormtcticruf  Ivpin  fhc'^rd.s 
[If  Pcme  to  the-  f^laiefit    The  ~Water  ^^ 
^at  tubL  tc  "Out  Closets  cr  l^nvics. 


Lr 


N°  6, 


X°6. 

irtn  Ilm/fes  in  t7ie  JVevt 
n  liriid  .Pcplm;  nheifin^ 
.li.iYcm  c/' cuttihined  back 
iinnae  In  lt.9.& Ginch 
Stone-  ware  FCpct, 
•anted  in  Stpteinber,  kS'^. 


f 

r 

r 

m  two  (Ztrsets , 
r.  io  the  JL  asts 


IS 

n 

V 

r 

-i 

n 

t 

r 

r 

r 

P  Y 

fi    O   A  D 

5C  ae 


S  c  «•  t 


AREA  OF  PREMISES  2ZB00  FT 

InAnatimi  ofDia.iis  i'''in  lOiect. 
Avcrtur  dfpOi  crjiuininp  O'" 
To  IbJivntej  the.li  "'v  i-^<iin>  iti<ma 
/innt.  ll^t  liiii'.!  <(■  Cii\srl,i,  ill'-  r/i\icU 

hav&Jhruf,  i  lJu-  JVata-  us  /ud  i 
J?  (rnf  jOTni.,2/':J«OTj,  tiu  Dim. 
-loke  Hit  ficrfitny  fifni  ihc  CrMpBoU, 

nclini  du-tet,  (ha;-  ii  ccii- 
Tirman  /rvm  UicJani   TIif  Water 

IB  ItaA'  OTXi  to  Xhe.JIraist ,  hat  not  to 

tlwPiTiy. 


PLAN    OF    COMBINED    BACK  DRAINAGE, 

OMCMAMB  STMEET,JPOFIM. 

Srcf/utaZ  Octobo'  iS4S. 


 IS'Dratrv  ^ 

ELLENTHORP    ST  \ 


AREA  OF  PPEMISES    USSO    SQUARE  FEET, 

J)l^Oi  eri  Jrifir/ieTi/  'f  /eei  6  mrkes , 
JnclAi^alwn,  J/i  -iftc/ies  in.  lO  fed , 
Xlitrr  art  iic 

from'  ilu  Cesspools  under  fht  J'rivifj  is  ccnrvf^e^ 

mpaf  iy  the  Tipts . 
y^aitp  is  laiit  on,  io  ihr  Metises,  iat  not  to  {iiA. Privies. 


I 


K 

4 

r 

-  ^ 

mi 

IS 

IS 

>6 

n 

IS 

O     R     C     H     A  R, 


S     T     R     E     E  T 
B 


1 

=1% 

SCALE   OF  FEET. 


60    it>    40  X 


2SSpIIS. 


.    ■  r 


B/fKtl  uri/u  lim^fnl  llnnnl ,;f  rfea/lj,  on  l/ir  .sup/jl,  anVaM  I,,//,,  M,m'i„ili 


PART  OF  SURREY  &  KENT  DISTR  CT. 


t;          C;R0S8  STREET 
7  7- 


- 

1  ■ 

tx 

P  A 

...if' 

1  1^  

S  E 

PAR 

ATE  [ 

fecial  /.crtjjth.  cf  Vraiihs  Feu. 

i:sunwtni  Cost  mlh  Jirlch  barrel  brmd-uis   jt'' 306.  7.  0. 

!>'  'finch  pipe      D?  I'm. IS. 6. 


-  Q 

r  ^ 

s 

7 

%  - 

1* 

■\ 

^  : 

■ 

J 

BACK  DRAINAGE 


^ota^  Length  cC Drains  ^SSFart. 
^sCaruLted    Cos't       j£'^io  .  /2.  6'. 
N^atc  -'.lieJBlatk  Spats  dervate  Cesspools. 


207-Pfli- 


Nr/irrl  I'/'tJtr  GfneiulBoar-iJoflieaJxJtvn  tke^uppy'of  'iVatti/  felfi.- 


Mittt'fHilia 


PART  OF    SURREY   «.   KENT  DISTRICT. 


SEPARATE  DRAINAGE. 


TouJ,  Length  cT  JJrtUiLs    /Stl2  J-'eel. 
M^tAmated  Cosi^  wiiA  Brick  bcurfel    branc}ws  ^  3.90.^ 

'.inch   pipe        M?       ji' ^/if./ff.^ 


ill  :   a  ^  3  1    J      «  i  8   i   <  ■  ■  J   !  2  j  T 


BACK      DRAIN  ACE. 
Tetal  Length       Drains,  U/t^^ :Feet- 

£  66  .  a  -  2 

J^U'  —The  Bhtrk  Spvt^  licficte  Cv.tspocls. 


"ioe.  ?  If  I, 


i 


